M67001.AR.005498
MCB CAMP LEJEUNE
5090.3a

FINAL REMEDIAL INVESITGATION/FEASIBILITY STUDY OPERABLE UNIT 23 (OU23) SITE
49 SUSPECTED MINOR DUMP SITE MCB CAMP LEJEUNE NC
8/1/2012
CH2M HILL




Final

Remedial Investigation/Feasibility Study
Operable Unit No. 23,
Site 49 - Suspected Minor Dump Site

Marine Corps Installations East - Marine Corps Base Camp Lejeune
Jacksonville, North Carolina

Contract Task Order WE36
August 2012

Prepared for

Department of the Navy

Naval Facilities Engineering Command /
Mid-Atlantic :

‘“\u!’. (L] beag

[ X

o

Under the

g genanttt

) -?‘,-' rlf | 2
NAVFAC CLEAN 1000 Program '
Contract N62470-08-D-1000

Prepared by

@ CcH2ZMHILL
‘.

Charlotte, North Carolina
North Carolina Engineering License #F-0699



Executive Summary

Introduction

This document presents the findings and conclusions of the Remedial Investigation (RI)/Feasibility Study (FS)
conducted at Operable Unit (OU) Number 23 (OU 23), Site 49 — former Suspected Minor Dump located aboard
Marine Corps Installations East- Marine Corps Base Camp Lejeune (MCIEAST-MCB CAMLEJ) in Jacksonville, North
Carolina.

Site 49 consists of approximately 1 acre of land in an area of low topographic relief (approximately 2 to 6 feet [ft]
above mean sea level [msl]) near the New River. This site is covered with a small maintained grassy area in the
northern portion and a forested wetland bisected by a drainage feature in the southern portion. Building AS810,
primarily used for storage, is located immediately northwest of the site. In general, storm water drains south and
east to the drainage feature and wetland, which ultimately discharges to the New River.

Site 49 was first identified in the Initial Assessment Study (IAS) (Water and Air Research, Inc. [WAR], 1983) as the
Marine Corps Air Station (MCAS) Suspected Minor Dump, where possible disposal of paint and potentially
hazardous substances may have occurred. A Preliminary Assessment (PA)/Site Inspection (SI) was conducted from
2009 to 2010 to evaluate the presence and nature of environmental impacts to subsurface soil and groundwater
that may have resulted from historical site use. Based on an evaluation of the subsurface soil and groundwater
data, potential human health and risks were identified from exposure to volatile organic compounds (VOCs) in
groundwater (CH2M HILL, 2011b).

An Rl was recommended to identify the potential source of contamination, define the nature and extent of VOC
contamination, evaluate fate and transport mechanisms, and assess human health and ecological risks.

Nature and Extent of Contamination

Based on the information presented in the RI, the horizontal and vertical extent of VOCs contamination at Site 49
has been adequately defined and is supported by the lines of evidence presented as follows:

e Concentrations of VOCs in surface soil did not exceed the residential Regional Screening Level (RSL), and only
two VOCs exceeded their respective North Carolina Soil Screening Levels (NC SSLs) in one subsurface soil
sample.

e One groundwater sample contained concentrations of 1,1,2,2-tetrachloroethane (PCA), trichloroethene (TCE),
and vinyl chloride (VC) that exceeded their respective North Carolina Groundwater Quality Standards
(NCGWAQS). Groundwater samples collected from upgradient, cross-gradient, and deep monitoring wells did
not contain concentrations of VOCs that exceeded the NCGWQS.

e Concentrations of VOCs detected in porewater samples were compared to the North Carolina groundwater
(NCGWAQS) and surface water quality (NCSWQS) standards. One porewater sample contained concentrations
of 1,1,2,2-PCA and VC that exceeded the NCGWQS; however, these concentrations did not exceed the
NCSWQS.

e Two VOCs were detected in the upstream surface water sample in concentrations exceeding their respective
NCSWQS. However, midstream and downstream samples did not contain concentrations of VOCs that
exceeded NCSWQS.

e Sediment samples did not contain concentrations of VOCs that exceeded comparison criteria.

Fate and Transport

Surface soil, subsurface soil, porewater, and surface water contaminants are isolated and were found in relatively
low concentrations. Based on the physical and chemical properties of these contaminants, they are not expected
to migrate and will likely degrade in situ.
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Although concentrations of VOCs were detected in groundwater within the surficial aquifer, vertical migration of
these contaminants is not occurring based on the low concentrations and upward vertical gradients. Thus,
horizontal groundwater migration is the primary contaminant transportation pathway. Based on the lack of
evidence for biodegradation, the primary contaminant degradation mechanisms are dilution and adsorption.

Human Health Risk Assessment

There were no unacceptable risks identified from current or future exposure to soil, surface water, or sediment.
Additionally, no unacceptable risks were identified to industrial workers and construction workers from exposure
to groundwater.

Due to the presence of VOCs in groundwater, potential future residential use of groundwater as a potable water
supply may result in risk or hazards above the United States Environmental Protection Agency’s (USEPA’s)
acceptable range. The residential land use scenario evaluated in this assessment is very conservative, since it is
likely that current land use will not change. Additionally, groundwater at Site 49 is not a current potable source,
and it is not expected to be used as a potable source in the future.

VOCs were detected in groundwater at concentrations above vapor intrusion (VI) groundwater screening levels
(GWSLs) for an industrial building. However, there is no current building within 100 ft of the impacted
groundwater. Therefore, the VI pathway is currently incomplete but would need to be re-evaluated if future land
uses changes.

Ecological Risk Assessment

No constituents in site media were identified that are expected to a cause a significant risk to populations of
ecological receptors at Site 49.

Feasibility Study

Based on the R, potentially unacceptable risks were identified from future residential exposure to VOCs in
groundwater and future exposure through a potential VI pathway if buildings are constructed onsite within 100 ft
of the impacted groundwater.

The purpose of the FS was to identify the Remedial Action Objectives (RAOs) for groundwater at Site 49 and
potential treatment technologies to satisfy these RAOs. The RAOs are as follows:

e Restore groundwater quality to meet NCDENR and federal primary drinking water standards, based on the
classification of the aquifer as a potential source of drinking water (Class GA or Class GSA) under 15A North
Carolina Administrative Code (NCAC) 02L.0201.

e Prevent exposure to constituents of concern (COCs) in groundwater and vapor intrusion from COCs in
groundwater until such time as groundwater concentrations or vapor intrusions mitigation measures allow for
Unlimited Use/Unrestricted Exposure.

The remedial alternatives discussed in the FS are presented as follows:

e Alternative 1 - No Action

e Alternative 2 — Monitored Natural Attenuation (MNA) and Land use controls (LUCs)
e Alternative 3 — Enhanced in situ Biodegradation (EISB) with LUCs and LTM

e Alternative 4 — Air Sparging (AS) with LUCs and LTM
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EXECUTIVE SUMMARY

A comparative summary of the compliancy, effectiveness, implementability, and cost for each alternative is

presented in the following table:

No Action MNA and EISB, LUCs, and | AS, LUCs, and
CERCLA Criteria LUCs L™ L™
(1) (2) 3) (4)

Threshold Criteria
Protection of human health and the environment O ® [ [
Compliance with ARARs Q ° ® ®
Primary Balancing Criteria
Long-term effectiveness and permanence Q o o o
Reduction in toxicity, mobility, or volume through treatment Q Q ® ®
Short-term effectiveness o o o o
Implementability ® ° Q Q
Present Worth Cost SO S167K $355K $463K

Ranking: ® High © Moderate O Low

Rankings are provided as qualitative descriptions of the relative compliance of each alternative with the criteria.

ARAR = Applicable and Relevant or Appropriate Regulation

All alternatives, with the exception of no action, are protective of human health and the environment, comply
with ARARs, and are effective in the long term. Alternatives 3 and 4 actively treat COCs in groundwater.
Alternative 2 is easily implemented and has a moderate short-term effectiveness in terms of environmental
impacts during execution and worker safety, whereas Alternatives 3 and 4 are more material-intensive and use
heavy equipment, resulting in higher impacts to the environment and worker safety risks. Alternative 2 has the

lowest cost, followed by Alternative 3 and 4.
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dC carbon 13 isotope ratios

°F degree Fahrenheit

ug/kg microgram per kilogram

pg/L microgram per liter

pg/m3 microgram per cubic meter

%0 part per thousand

ADAF age-dependent adjustment factor

AF adherence factor

ARAR Applicable and Relevant or Appropriate Regulation
AS air sparging

ASTM American Society for Testing and Materials
atm-m*/M atmosphere-cubic meter per mole
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ATSDR Agency for Toxic Substances and Disease Registry
Baker Baker Environmental, Inc.

bgs below ground surface

BTOC below top of casing
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cal/mol-K calorie per mole per Kelvin

Cal EPA California Environmental Protection Agency
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
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CFR Code of Federal Regulations

CLEAN Comprehensive Long-term Environmental Action—Navy
cocC constituent of concern

COPC constituent of potential concern
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Cr(V1) hexavalent chromium

CSF cancer slope factor
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DO dissolved oxygen

DoD Department of Defense
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ELCR excess lifetime carcinogenic risk
EPC exposure point concentration
ERA Ecological Risk Assessment

ESV ecological screening value

Fe (I1) ferrous iron

Fe (1) ferric iron

FMF Fleet Marine Force

Foc fraction of organic carbon

FRB Federal Remediation Branch

FS Feasibility Study

ft foot

ft? square foot

ft® cubic foot

ft/day foot per day

ft/ft foot per foot

ft/yr foot per year

g/mole gram per mole

GHG greenhouse gas

Gl gastrointestinal

GIS geographic information system
gpm gallon per minute

GRA General Response Action
GWSL groundwater screening level
HEAST Health Effects Assessment Summary
HHRA Human Health Risk Assessment
HI Hazard Index

HQ Hazard Quotient

HSA hollow-stem auger

IAS Initial Assessment Study

IC institutional control

ID inner diameter

IDW investigation-derived waste
IGI&S Installation Geospatial Information and Services
IR Installation Restoration

IRIS Integrated Risk Information System
IUR inhalation unit risk factor

K Kelvin

Ky distribution coefficient

kg kilogram

Kp Henry’s Law Constant

Koc partition coefficient

L/day liter per day

L/min liter per minute

LTM Long-term Monitoring

LUC land use control

m?/L cubic meter per liter

MCAS Marine Corps Air Station

MCIEAST-MCB CAMLEJ Marine Corps Installations East- Marine Corps Base Camp Lejeune
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ACRONYMS AND ABBREVIATIONS

MCL
MF
mg/day
mg/kg
mg/kg-day
mg/L
mg/m?>
MHSPE
ml

mi/g
MBTU
MMOA
MPP
msl

mV

NAD
NAIP
NAPL
NAVD
NAVFAC
Navy
NCAC
NCEA
NCDENR
NCGWAQS
NCP

NC SSL
NCSWQS
NFA
NJDEP
NO,
NPL
NRWQC
NTU

NY EPA

Oo&M
ORP
ou
0ou 23

PA
PCA
PCE
PMyo
PPRTV
PRG
PvC

RAGS
RAIS
RAO
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maximum contaminant level
modifying factor

milligram per day

milligram per kilogram
milligram per kilogram per day
milligram per liter

milligram per cubic meter
Netherlands Ministry of Housing, Spatial Planning, and Environment
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SECTION 1

Introduction

This report presents the results of a Remedial Investigation (RI)/Feasibility Study (FS) conducted at Operable Unit
(OU) Number 23 (OU 23), Site 49, located aboard Marine Corps Air Station (MCAS) New River, Marine Corps
Installations East- Marine Corps Base Camp Lejeune (MCIEAST-MCB CAMLE)J) in Jacksonville, Onslow County,
North Carolina. This RI/FS Report was prepared under the Naval Facilities Engineering Command (NAVFAC), Mid-
Atlantic Division, Comprehensive Long-term Environmental Action—Navy (CLEAN) 1000 Contract N62470-08-D-
1000, Contract Task Order (CTO) WE36.

1.1 Objectives and Approach
The objectives of the Rl were to:

e Assess the nature and extent of volatile organic compounds (VOCs)
e Evaluate potential risks to human health and ecological receptors
e Develop necessary site information for preparing the FS

The following field investigation activities were performed in accordance with standard methods and procedures
detailed in the MCIEAST-MCB CAMLEJ Master Project Plans (CH2M HILL, 2008) (referred to herein as the Master

Project Plans [MPP]) and the Site 49 Uniform Federal Policy (UFP)-Sampling and Analysis Plan (SAP) (CH2M HILL,

2011c):

e Collection of 12 surface soil samples

e Collection of 10 subsurface soil samples

e |nstallation of nine permanent groundwater monitoring wells and collection of groundwater samples
e Collection of three porewater samples

e Collection of three surface water samples

e Collection of six sediment samples

The objectives of the FS were to:

e Develop the Remedial Action Objectives (RAOs)

e Identify and screen technology types and processes

e Develop and evaluate remedial alternatives

o Define the Applicable and Relevant or Appropriate Regulations (ARARs)
e Perform individual and comparative analysis of the remedial alternatives

1.2 Report Organization
This RI/FS is composed of the following sections:

e Section 1—Introduction

e Section 2—Background

e Section 3—Field Activities

e Section 4—Nature and Extent of Contamination

e Section 5—Contaminant Fate and Transport

e Section 6—Human Health Risk Assessment

e Section 7—Ecological Risk Assessment

e Section 8—Remedial Action Objectives and Identification and Screening of Technologies
e Section 9—Development and Screening of Alternatives
e Section 10—Detailed Evaluation of Alternatives

e Section 11—References

ES042612093056CLT
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Figures and tables referenced throughout the text are provided at the end of each section. Appendixes are
provided at the end of the document.
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SECTION 2

Background

This section presents a description of the Base and a summary of the Site 49 setting, history, and previous
investigation activities and findings.

2.1 Facility-wide Demography and Land Use

MCIEAST-MCB CAMLEJ is composed of approximately 236 square miles of land in Onslow County, North Carolina,
near the southern boundary of the City of Jacksonville. Jacksonville is the largest city near MCIEAST-MCB CAMLE)J
and represents approximately half of Onslow County’s population. The Base is bordered by the Atlantic Ocean to
the east, United States Route 17 to the west and State Route 24 to the north. It is bisected by the New River,
which flows into the Atlantic Ocean in a southeasterly direction (Figure 2-1). The Base consists of approximately
26,000 acres of water and 127,000 acres of terrestrial features. The ocean frontage of the Base is composed of a
fragile barrier island system that is separated from the mainland by salt marshes, small bays, and the Intracoastal
Waterway. The areas adjacent to the Base are generally rural.

MCIEAST-MCB CAMLEJ was commissioned in 1942 as a training area to prepare Marines for combat and is
currently home to an active duty, dependent retiree, and civilian population of approximately 150,000 personnel.
MCIEAST-MCB CAMLEJ provides housing, training facilities, logistical support, and administrative supplies for a
Fleet Marine Force (FMF) unit and other assigned units.

Military training operations at the Base include 80 live-fire ranges, 32 gun positions, 48 tactical landing zones, and
three Military Operation in Urban Terrain training facilities. In addition, the Base is bordered by approximately
11 miles of beach frontage capable of supporting amphibious operations.

2.2 Site Setting and History

Site 49 is located aboard MCAS New River, in the northwest portion of MCIEAST-MCB CAMLEJ (Figure 2-1). The
site lies on the south bank of the New River, encompassing less than 1 acre and consisting of wooded wetland and
maintained grass (Figure 2-2). The site is relatively flat, with elevations ranging from 2 to 6 feet (ft) above mean
sea level (msl). The ground surface slopes gently to the New River to the east northeast and a local drainage
feature to the southeast. The northern portion of Site 49 is maintained grass area. The southern portion of Site 49
consists of a forested wetland bisected by a drainage feature. A portion of surface water runoff from MCAS New
River flows to the New River through a series of drainage channels that converge through the drainage feature
that bisects the site. A jurisdictional wetland is present, surrounding the drainage feature as depicted on

Figure 2-2.

A 4,350-square-foot (ft*) metal-framed building (Building AS810) is located adjacent to the northern portion of the
site and is used for storage. The remnants of a former structure are situated adjacent to the southwest corner of
building AS810, and consist of a raised concrete pad that contains a central floor drain and several circular holes
located along the side of the pad closest to building AS810.

A terra cotta pipe was observed ending in the New River near the southeast portion of the site, and this pipe
appeared to be in line with the previously noted former structure. A probe rod and posthole digger was used to
track the location and orientation of the drain pipe from the bank of the New River inland toward Building AS810.
The drain pipe appeared to terminate in the wooded area approximately 60 ft inland from the bank of the New
River. MCIEAST-MCB CAMLEJ does not have historical documentation regarding the use of the concrete pad,
drains, or terra cotta pipe.

A review of historical aerial imagery from MCIEAST-MCB CAMLEJ Installation Geospatial Information and Services
(IGI&S) and Existing Conditions Maps obtained from the MCIEAST-MCB CAMLEJ Technical Records Office indicate
that building AS810 has been in use since the early 1950s. A 1957 Existing Conditions Map identifies Building 32 —
“MACS-7 Motor Transport and Warehouse” located in the current position of Building AS810 (Appendix A). A
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REMEDIAL INVESTIGATION/FEASIBILITY STUDY OPERABLE UNIT NO. 23, SITE 49 — SUSPECTED MINOR DUMP SITE

1979 Existing Conditions Map identifies Building AS810 as a storage building, consistent with its current usage.
There is no historical documentation of the types of materials or equipment that were stored in Building AS810.

2.3 Previous Investigations

2.3.1 |Initial Assessment Study

Installation Restoration (IR) Site 49 was first identified in the Initial Assessment Study (IAS) (Water and Air
Research, Inc. [WAR], 1983) as the MCAS Suspected Minor Dump. The IAS included a review of historical records,
site visits, and personnel interviews to identify potential sites that could pose a risk to human health and/or the
environment as a result of past disposal practices. Site 49 was described as approximately 800 ft of shoreline
along the New River where possible waste disposal that included paint, paint-related waste, and potentially
hazardous substances may have occurred. The timeframe of the disposal activities was not specified in the report,
and Site 49 was not recommended for further investigation because of the small quantity of waste reported.

2.3.2 Preliminary Assessment and Site Inspection

Based on the site’s history as a suspected minor dump, a Preliminary Assessment (PA)/Site Inspection (SI) was
conducted at Site 49 to confirm the no further action (NFA) recommendation in the IAS. The purpose of the PA/SI
was to evaluate the potential presence and nature of environmental impacts that may have resulted from
historical site activities through the collection of environmental samples, to assess the potential risks to human
and ecological receptors, and to determine if additional investigation was warranted.

The PA/SI was conducted in two phases. In July 2009, eight subsurface soil and three groundwater samples were
collected and analyzed for target analyte list (TAL) metals, target compound list (TCL) semivolatile organic
compounds (SVOCs), and TCL VOCs. Based on the July 2009 analytical results, six additional groundwater samples
were collected in February 2010 and analyzed for TCL VOCs only. A brief summary of the results is provided as
follows.

Subsurface Soil

Only one of eight samples contained VOC concentrations (1,1,2,2-tetrachloroethane [PCA] at 2.42 micrograms per
kilogram [ug/kg]) that exceeded project-specific screening criteria. No other VOCs were detected in the soil
samples. One sample contained concentrations of two SVOCs (benzo(a)pyrene [500 pg/kg] and
benzo(b)fluoranthene [430 pg/kg]) that exceeded project-specific screening criteria. Additionally, aluminum
(12,700 milligrams per kilogram [mg/kg] to 17,000 mg/kg), arsenic (1.2J [indicating the analyte was detected but
the value may not be precise or accurate] mg/kg to 6.80 mg/kg), total chromium (2.5) mg/kg to 27.8) mg/kg), iron
(2,050) mg/kg to 18,400) mg/kg), and vanadium (40.6) mg/kg) were detected in the subsurface soil at
concentrations exceeding project-specific screening criteria.

Initial Groundwater Evaluation-July 2009

Three VOCs (1,1,2,2-PCA [0.86J micrograms per liter (ug/L)], 1,1,2-trichloroethane [TCA] [0.37) ug/L], and vinyl
chloride [VC] [0.93J pg/L]) and six metals (aluminum [3,810 pg/L to 39,400 ug/L], barium [3.4) pg/L to 6.8J) ug/L],
chromium [2.5J pg/L to 6.3J pg/L], cobalt [44.2 pg/L], iron [3,000 pg/L to 172,000 pg/L], and manganese [287 ug/L
to 305 pg/L]) were detected at concentrations exceeding project-specific screening criteria in groundwater
samples collected from temporary water table wells. The VOCs were detected in only one groundwater sample
from one of the three wells.

Additional Groundwater Assessment-February 2010

Based on the presence of VOCs in groundwater exceeding the project-specific screening criteria, six additional
temporary water table monitoring wells were installed and samples were collected for analysis of TCL VOCs.
Analytical data indicated that nine VOCs (1,1,2,2-PCA [1.54 pg/L to 78.5 pg/L], 1,1,2-TCA [1.35 pg/L to 6.02 pg/L],
1,2-dichloroethane [DCA] [0.345) pg/L to 0.62J) pg/L], benzene [0.543) pg/L to 2.47 pg/L], cis-1,2-dichloroethene
[DCE] [76.5 pg/L to 155 pg/L], tetrachloroethene [PCE] [0.504) pg/L to 1.33 ug/L], trichloroethene [TCE] [8.81 pg/L
to 276 pg/L], trans-1,2-DCE [22.3 pg/L to 108 pg/L], and VC [1.05 pg/L to 22.1 ug/L]) were detected.
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SECTION 2—BACKGROUND

Conclusions and Recommendations

The PA/SI concluded that the six metals detected in groundwater collected in July 2009 were attributed to site
geology and not historical disposal practices at the site. However, potential human health risks were present due
to potential exposure to VOCs (1,1,2,2-PCA, 1,1,2-TCA, 1,2-DCA, benzene, PCE, TCE, VC, and trans-1,2-DCE) in
groundwater. No unacceptable risks resulting from exposure to subsurface soil were identified for human
receptors. Potentially unacceptable ecological risks were based on the presence of VOCs in groundwater. Based
upon the potential risks identified by the PA/SI, completion of an Rl was recommended (CH2M HILL, 2011b).

2.4 Regional and Facility-wide Physiography and Climate

MCIEAST-MCB CAMLEJ is situated in the Tidewater region of the Atlantic Coastal Plain Physiographic Province,
which stretches from Georgia to Long Island, New York. The Tidewater region is characterized by swampy areas of
low relief, with elevations averaging approximately 20 ft above msl. The physiography of the area is typical of the
Atlantic Coastal Plain, with stepped terraces consisting of wide, gently eastward-sloping plains separated by
linear, steeper, northward- and eastward-facing scarps (Figure 2-3). The topography is characterized by low
elevations and relatively low relief across MCIEAST-MCB CAMLEJ. The surface elevations range from sea level to
approximately 70 ft above msl, with the majority of MCIEAST-MCB CAMLEJ ranging from 20 to 40 ft above msl.
The relief between stream and interstream areas typically ranges from 20 to 30 ft, and the New River and its
tributaries bisect the Base in a northwest-to-southeast alignment.

Climatic conditions in southeastern North Carolina and at MCIEAST-MCB CAMLEJ are characterized by mild
winters and hot, humid summers. Average annual precipitation in the area is on the order of 50 inches. The

average ambient air temperature is 63 degrees Fahrenheit (°F) (United States Department of Agriculture [USDA],
2002).

2.5 Geology and Hydrogeology

2.5.1 General Regional Geologic and Hydrogeologic Framework

MCIEAST-MCB CAMLEJ is underlain by an eastward-thickening wedge of marine and non-marine sediments
ranging from early Cretaceous to Holocene in age. The wedge begins at the western boundary of the Atlantic
Coastal Plain Physiographic Province, known as the Fall Line, and dips southeastward toward the coast. Along the
coastline, several thousands of feet of interlayered and unconsolidated sediments are present. These sediments
consist of gravels, sands, silts, and clays, as wells as calcareous clays, shell beds, sandstone, and limestone
deposited over pre-Cretaceous crystalline basement rock. Within MCIEAST-MCB CAMLEJ, approximately 1,500 ft of
a sedimentary sequence mantles the crystalline bedrock and includes seven aquifers (Table 2-1) and their
associated confining units (less permeable beds of clay and silt), including the surficial, Castle Hayne, Beaufort,
Peedee, Black Creek, and Upper and Lower Cape Fear aquifers (Cardinell, Berg, and Lloyd, 1993). Three of the
lower Quaternary and upper Tertiary Formations (Yorktown, Eastover, and Pungo River) shown in Table 2-1 are
not present in the vicinity of MCIEAST-MCB CAMLEJ.

Interstream areas generally provide the recharge for aquifers within the Coastal Plain region (Heath, 1989).
Discharge of groundwater from the Coastal Plain aquifer system is generally through streams, swamps, and lakes.
Evapotranspiration from the vadose zone and upward leakage through confining units into streams, estuaries,
swamps, and the Atlantic Ocean also contribute to groundwater discharge. Within MCIEAST-MCB CAMLEJ, the
New River estuary serves as the principal discharge receptor for groundwater from the Castle Hayne aquifer
(Harned et al., 1989).

2.5.2 Site-Specific Geologic and Hydrogeologic Framework
Site Geology

Site-specific geological information is available from boring logs for soil borings and monitoring wells installed to
depths of up to 45 ft below ground surface (bgs). Figure 2-4 shows the location of two mutually perpendicular
geological cross-sections, depicted on Figures 2-5 and 2-6. Soil boring logs are provided in Appendix B.
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The site is mantled by a thin layer of silty sand ranging from 0 to 3 ft in thickness that overlies a fine-grained
deposit extending up to 15 ft bgs, consisting of clay and sandy clay, with isolated lenses of sand and woody debris
and brick (primarily close to the shoreline of the New River). A layer of silty to clayey sand underlies the clay,
ranging in thickness from 2 to 5 ft. Beneath this thin sandy layer lies a weakly cemented (carbonate) fine to
coarse grained sand containing shells, roughly 35 ft in thickness. Beneath the cemented sand lies a silty sand.

Site Hydrogeology

Site-specific hydrogeologic information was derived from seven permanent monitoring wells screened in the
unconfined surficial aquifer (IR49-MWO01 through IR49-MWO07) and two monitoring well screened in the upper
Castle Hayne aquifer (IR49-MWO08 and IR49-MWO01IW). Water table elevations ranged from 1.97 to 2.88 ft above
msl, as shown in Table 2-2. Groundwater in the surficial aquifer appears to flow to the east toward the New River
and east-southeast toward the wetland and drainage feature (Figure 2-7).

Monitoring wells IR49-MWO01, IR49-MWO07, and IR49-MWO08 were gauged at high and low tide to evaluate the
potential influence that tidal fluctuations may have on the site hydrogeology (Table 2-3). Based on the
measurements observed, the tidal range was negligible and tidal fluctuations in the New River do not significantly
impact water levels.

Horizontal hydraulic gradients were calculated between monitoring wells IR49-MWO05 and IR49-MWQ7

(0.0088 foot per foot [ft/ft]), IR49-MWO7 and IR49-MWO01 (0.0026 ft/ft), and IR49-MWO05 and IR49-MWO01
[(0.0065 ft/ft) Table 2-4]. As shown on Figure 2-7, these monitoring well pairs are located approximately parallel
to the direction of groundwater flow. The geometric mean hydraulic gradient of the three wells is 0.0053 ft/ft.

With only two wells screened within the upper Castle Hayne aquifer, it is not possible to determine flow direction,
although studies by others (Cardinell, 1992) indicate that the New River is a local receptor of groundwater
discharging from the Castle Hayne aquifer. In general, groundwater from the upper Castle Hayne aquifer flows
toward the New River at MCAS New River. The vertical hydraulic potential between IR49-MWO07 and IR49-MW08
was calculated to be 0.004 ft/ft, upward from the upper Castle Hayne aquifer to the surficial aquifer.

In situ aquifer testing was conducted in monitoring wells IR49-MWO01 through IR49-MW08, as described in
Section 3.2.9. Hydraulic conductivity values ranged from 0.97 foot per day (ft/day) (IR49-MWO07) to 1.41 ft/day
(IR49-MWO05), with a geometric mean of 1.18 ft/day (Table 2-4). Boring logs for the monitoring wells screened in
the surficial aquifer show that the well screens are open to a mixture of formation materials, ranging from clays to
coarse sands, with corresponding variations in hydraulic conductivity. Consequently, the values derived from the
aquifer testing reflect a composite of the various aquifer materials.

Assuming an effective porosity of 0.2 for this material, seepage velocities were calculated based on the hydraulic
gradients between IR49-MWO05 and IR49-MWO07, IR49-MWO07 and IR49-MWO01, and IR49-MWO05 and IR49-MWO01
(Table 2-3). The geometric mean seepage velocity ranged from 0.0126 ft/day (IR49-MWOQ7) to 0.0620 ft/day
(IR49-MWO05).

No active public water supply wells are located within a 1,500 ft radius of Site 49, and the site is not located within
a designated wellhead protection area.
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TABLE 2-1

Hydrostratigraphic Units of the North Carolina Coastal Plain
Site 49 Remedial InvestigationAfeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Geologic Units

Hydrogeologic Units

System Series Formation Aquifer and Confining Unit
Quaternary Holocene/Pleistocene Undifferentiated Surficial Aquifer
Pliocene Pinehurst' Yorktown confining unit'
Waccamaw' Yorktown Aquifer’
Miocene Yorktown' Yorktown Aquifer’
Pungo River confining unit'
Tertiary Pungo River' Pungo River Aquifer'
Belgrade Castle Hayne confining unit
Oligocene Belgrade Castle Hayne confining unit
River Bend Castle Hayne Aquifer
Eocene Castle Hayne Castle Hayne Aquifer
Notes:

! Geologic and hydrogeologic units not present beneath MCB CamlLe;.

Source: Modified from Harned et al., 1989.
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TABLE 2-2

Groundwater Elevations

Site 49 Remedial InvestigationFeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Monitoring Well Top of Casing Elevation Well Depth Measured Well Depth Depth to Water Groundwater Elevation

(feet msl) (feet bgs) (feet BTOC) (feet BTOC) (feet amsl)
IR49-MWO01 6.45 16 18.92 4.33 2.12
IR49-MWO02 4.35 16 16.00 2.38 1.97
IR49-MWO03 6.76 16 15.91 4.33 243
IR49-MWO04 4.78 16 16.31 1.90 2.88
IR49-MWO05 5.72 16 18.85 3.08 2.64
IR49-MWO06 4.80 16 19.18 2.61 2.19
IR49-MWO07 5.87 19 22.51 3.67 2.20
IR49-MWO08 5.80 40 43.50 3.50 2.30
Notes:

Water levels were measured on April 2, 2011
amsl - above mean sea level
BTOC - below top of casing
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TABLE 2-3

Tidal Influences-Surficial Aquifer

Site 49 Remedial InvestigationfFeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

o . Top of Casing Well Depth Measured Well Depth to Groundwater
Monitoring Well Date Time Elevation (feet bgs) Depth Water Elevation
(feet msl) (feet BTOC) (feet BTOC) (feet amsl)
0815 5.17 1.28
IR49-MWO01 2/28/2012 1330 6.45 16 18.92 5.13 1.32
1635 5.13 1.32
0832 4.59 1.28
IR49-MWO07 2/28/2012 1334 5.87 19 22.51 4.53 1.34
1635 4.53 1.34
0838 4.42 1.38
IR49-MWO08 2/28/2012 1336 5.80 40 43.50 4.36 1.44
1635 4.36 1.44
Notes:

amsl - above mean sea level

BTOC - below top of casing
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TABLE 2-4

Surficial Aquifer Properties

Site 49 Remedial Investigation Feasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Geometric Mean

Monitoring  Depth to Water  Top of Casing Elevation =~ Water Elevation Distance Apart Hydraulic Gradient R R Geometric Mean 1
Hydraulic Gradient V (ft/day)
Well (feet BTOC) (feet amsl) (feet amsl) (feet) (ft/ft) (F/f1) K (ft/day)
IR49-MWO05 3.08 5.72 2.64 50 0.0088
IR49-MWOQ7 3.67 5.87 2.20
IR4S-MWO7 3.67 >-87 2.20 30 0.0026 0.0053 1.18 0.031
IR49-MWO01 4.33 6.45 2.12
IR49-MWO05 3.08 5.72 2.64 30 0.0065
IR49-MWO01 4.33 6.45 2.12
Notes:

amsl - above mean sea level
ft/ft - foot per foot

ft/day - feet per day

BTOC - below top of casing
K=hydraulic gradient (ft/day)
vs = seepage velocity (ft/day)

M Calculations based on assumed effective porosity value (0.2 sand with fines)
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SECTION 3

Field Activities

The Rl field activities were conducted from March 2011 through March 2012, in accordance with the standard
operating procedures (SOPs) outlined in the Site 49 UFP-SAP (CH2M HILL, 2011c) and the MPP (CH2M HILL, 2008).

This section presents a summary of the field activities:

e Site preparation
e Environmental sampling:

— Surface and subsurface soil
— Groundwater

— Porewater

— Surface water

— Sediment

e Aquifer testing
e Site surveying
e Investigation-derived waste (IDW) handling

3.1 Site Preparation

Prior to any intrusive field activities, the North Carolina One Call utility locating service was notified, and all
underground utilities were located and marked within a 20-ft radius of each sampling location, and verified by a
third-party subcontractor. Minor vegetation clearance was required to remove undergrowth from proposed
sampling locations. In accordance with the MPP (CH2M HILL, 2008), all trees greater than 3 inches in diameter
were avoided.

3.2 Environmental Sampling
The following sections describe sampling procedures employed during the Rl field activities.

3.2.1 Surface Soil

Surface soil was not assessed during the PA/SI, and a source area was not identified. Consequently, 12 surface
soil samples were collected from 0 to 2 inches bgs in a grid pattern (Figure 3-1). Prior to sample collection, organic
debris was removed to expose the surface soil. Samples were collected using stainless steel spoons or trowels.

All samples were placed in laboratory-provided containers, preserved appropriately, and shipped on ice under
chain-of-custody control to Trimatrix Laboratories (Trimatrix) of Grand Rapids, Michigan, for VOC analysis by
United States Environmental Protection Agency (USEPA) Method 8260B and total organic carbon (TOC) analysis by
Lloyd Khan.

3.2.2 Subsurface Soil

A total of six subsurface soil samples were collected, co-located with monitoring well locations, as shown on
Figure 3-1. Six samples were collected using a decontaminated stainless steel hand auger from the interval
approximately 1 ft above the water table. Because of the very shallow water table and the close proximity of
wetlands, the majority of the samples were collected from between 1 and 3 ft bgs. The six samples were placed in
laboratory-provided containers, preserved appropriately, and shipped on ice under chain-of-custody control to
Trimatrix for VOC analysis by USEPA Method 8260B and TOC analysis by Lloyd Khan.

Additionally, to evaluate the grain size distribution of the aquifer materials observed within the screened interval,
four subsurface soil samples were collected, IR49-MWO01 (14 to 16 ft bgs), IR49-MWO06 (14 to 15 ft bgs and 15 to
16 ft bgs), and IR49-MWO08 (35 to 37 ft bgs). The samples were placed in laboratory-provided containers and
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shipped under chain-of-custody control to Trimatrix for grain size and hydrometer analysis by American Society
for Testing and Materials (ASTM) Method D422-63.

3.2.3 Monitoring Well Installation

In order to assess groundwater quality and hydrogeologic properties, a total of nine monitoring wells were
installed as shown on Figure 3-1. Monitoring well locations were strategically placed to evaluate the lateral and
vertical extent of VOCs based on data from the 2009 PA/SI, and to assess Building AS810 and the terra cotta pipe
as potential source areas.

Drilling

Seven soil borings (IR49-MWO01 through IR49-MWO07) were advanced to depths ranging from 16 ft bgs to 19 ft bgs
using 4.25-inch inner diameter (ID) hollow-stem augers (HSAs), and two borings were advanced to 40 ft bgs
(IR49-MWO08) and 45 ft bgs (IR49-MWO01IW) using a combination of 10.25-inch ID HSAs, 8.25-inch ID HSAs, and
mud rotary drilling equipment operated by Parratt Wolff of Hillsborough, North Carolina. Split-spoon samples
were collected from IR49-MWO01 through IR49-MWO08 using direct-push technology (DPT) equipment at 5-ft
intervals, and continuous soil cores were recovered using DPT equipment from IR49-MWO1IW. Samples were
described using the Unified Soil Classification System (USCS) and screened for the presence of VOCs using a
photoionization detector (PID). Boring logs are provided in Appendix B.

Well Installation and Construction

All wells were constructed using 2-inch ID Schedule 40 polyvinyl chloride (PVC) riser and 0.010-inch machine-
slotted screen. The annular space surrounding the well screens was filled with 30/40 filter sand to at least 2 ft
above the top of the screened interval. A bentonite seal approximately 2 ft in thickness was placed above the
sand filter and allowed to hydrate prior to grouting. A cement-bentonite grout slurry was poured to within 2 ft of
the ground surface.

The seven shallow monitoring wells were completed as single-cased Type Il groundwater monitoring wells with a
10 ft screened interval. Two monitoring wells (IR49-MWO08 and IR49-MWO01IW) were constructed as a Type llI
(double-cased) well within the upper Castle Hayne aquifer. The initial boreholes were drilled to 22 ft bgs and 25 ft
bgs using 10.25-inch and 8.25-inch ID HSAs (IR49-MWO08 and IR49-MWO01IW, respectively) to allow placement of a
6-inch ID steel isolation casing to prevent cross-contamination between the surficial and upper Castle Hayne
aquifers during well construction. The casings were grouted in place from the bottom up using a tremie pipe
inserted between the casing and annular space of the bore hole. After allowing the grout at least 24 hours to cure,
a borehole was advanced through the each isolation casing using a 5”%%.inch tricone mud rotary drill bit and
tooling monitoring. Monitoring well (IR49-MWO08) was installed with a screened interval from 35 to 40 ft bgs, and
IR49-MWO1IW was installed with a screened interval from 40 to 45 ft bgs using the same procedures and
materials as the shallow wells.

Monitoring wells located in the wooded area of the site were completed aboveground with a locking protective
steel cover, concrete pad, and bollards. Monitoring wells located in the grass or asphalt areas were completed
flush with the ground surface using an 8-inch diameter bolted manhole cover and concrete pad. Well construction
diagrams are provided in Appendix B. Well construction details are summarized in Table 3-1.

Monitoring Well Development

Following installation, the monitoring wells were developed by surging and pumping with a submersible pump
across the entire submerged screened interval. Water quality parameters were collected during purging to
monitor the effectiveness of the development and to determine when the process could be terminated.
Development was considered complete when visible sediment was removed or 1 hour of active pumping was
completed, whichever was shorter in time.

3.2.4 Groundwater Sampling

The objective of the groundwater sampling effort was to collect samples using low flow/low stress procedures,
and the effort was conducted using bladder pumps and peristaltic pumps. Wells that could not yield sufficient
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water to prevent excessive drawdown were purged using the well volume approach. Sampling flow rates ranged
from 0.16 liter per minute (L/min) to 0.6 L/min, with an average of 0.4 L/min.

In April 2011, groundwater samples were collected from the monitoring wells IR49-MWO01 though IR49-MWO08.

Water quality parameters, including pH, temperature, conductivity, dissolved oxygen (DO), oxidation-reduction
potential (ORP), and turbidity were monitored during the purging, and groundwater samples were collected after
a minimum of one well volume had been removed and water quality parameters had stabilized for three
consecutive readings. Stabilization criteria for each parameter were as follows:

e pH within 0.1 standard unit (SU)

e Temperature constant

e Conductivity within 3 percent

e  ORP within 10 millivolts (mV)

e Turbidity less than 10 nephelometric turbidity units (NTUs) or within 10 percent

Samples were collected in laboratory-provided bottleware, preserved appropriately, and shipped on ice under
chain-of-custody control to Trimatrix for VOC analysis by USEPA Method 8260B and TOC analyses by USEPA
Method 9060.

In August 2011, groundwater samples were collected from IR49-MWO01 through IR49-MWO08 using the previously
noted procedures. All groundwater samples were analyzed for VOCs by USEPA Method 8260B and natural
attenuation indicator parameters (NAIPs), including: TOC, iron and manganese, alkalinity, methane, ethane,
ethene, chloride, and sulfate. In addition, the sample collected from monitoring well IR49-MWO01 was analyzed for
dehalococcoides (DHC) and DHC functional genes and compound-specific isotope analysis (CSIA).

Samples intended for VOC and NAIP analyses were preserved appropriately and shipped on ice under chain-of-
custody control to Trimatrix. Microbial samples were preserved appropriately and shipped on ice under chain-of-
custody control to Microbial Insights of Rockford, Tennessee, and CSIA samples were preserved and shipped on
ice under chain-of-custody control to Microseeps, Inc., of Pittsburg, Pennsylvania.

March 2012

In March 2012, a single groundwater sample was collected from newly installed monitoring well IR49-MWO01IW,
using the previously described low flow techniques. The groundwater sample was shipped on ice under chain-of-
custody control to Trimatrix and analyzed for VOCs by USEPA Method 8260B.

3.2.5 Porewater

Porewater samples were collected from three locations near the southern shoreline of the New River (Figure 3-1)
to assess the water quality of groundwater discharging to surface water.

Porewater sampling points consisted of a 2-inch ID Schedule 40 PVC casing with a 1-ft screened interval and a
pointed end-cap that was manually driven into the sediment. The sample points were driven into the sediment so
that the top of the screen was at least 2 inches below the sediment-water interface. The 2-inch casing was then
purged until the water was visibly clear prior to installing an inner screen consisting of a 1-inch ID Schedule 40 PVC
pipe with a 1-ft section of machine-slotted screen covered with a pre-packed filter composed of a wire mesh
containing 30/40 filter sand.

Water inside the inner casing was purged with a peristaltic pump, and water quality parameters were measured
and compared to adjacent surface water quality data. Once the purge was complete, porewater samples were
collected using the straw method and placed into laboratory-provided containers, appropriately preserved, and
shipped on ice to Trimatrix under chain-of-custody control for VOC analysis by USEPA Method 8260B and TOC
analysis by USEPA Method 9060.

3.2.6 Surface Water

Three surface water samples were collected from the drainage feature that bisects Site 49 (Figure 3-1). Samples
were collected at low tide by submersing new, unused polypropylene bailers into the water body and filling the

ES042612093056CLT 3-3



REMEDIAL INVESTIGATION/FEASIBILITY STUDY OPERABLE UNIT NO. 23, SITE 49 — SUSPECTED MINOR DUMP SITE

laboratory-preserved bottles. Water quality parameters were measured prior to sample collection and are
summarized as follows:

All samples were placed into laboratory-provided containers, preserved appropriately, and shipped on ice under
chain-of-custody control to Trimatrix for VOC analysis by USEPA Method 8260B and TOC analysis using USEPA
Method 9060.

3.2.7 Sediment

Six sediment samples were co-located by advancing a new, clean, 1.5-inch polyethylene sampler approximately

3 inches into the sediment. The sediment samples were co-located with the surface water and porewater samples
(Figure 3-1). The sediment samples were placed in laboratory-provided containers, preserved appropriately, and
shipped to Trimatrix for VOC analysis by USEPA Method 8260B and TOC analysis by Lloyd Khan.

3.2.8 Site Survey

All newly installed monitoring wells were surveyed by Lanier Surveying Company of Cedar Point, North Carolina
(Appendix C). The locations were referenced both horizontally and vertically to permanent land monuments or a
grid system. The survey controls were tied to a benchmark, the 1983 North American Datum (NAD), and the North
American Vertical Datum (NAVD) of 1988. Ground surface and monitoring well top-of-casing vertical control were
surveyed to the nearest 0.01 ft, and the horizontal control was surveyed to the nearest 0.10 ft. Each monitoring
well top-of-casing was notched or otherwise marked to identify a constant measuring point for measuring depths
to groundwater. Survey data are provided in Table 3-1.

3.2.9 Aquifer Testing

In April 2011, rising-head slug testing was conducted on all monitoring wells. The slug tests were accomplished by
instantaneously lowering the water level in the well by the removal of a solid slug and recording the recovery of
the water level to within 90 percent of the static water level. Changes in water level were measured by a pressure
transducer and recorded by a datalogger. At least three tests were performed in each monitoring well. At the end
of the testing, the raw data were downloaded, checked for completeness, and analyzed with Aqgtesolv Version 4.0
aquifer test analysis software. Hydraulic conductivities were calculated using the Bouwer and Rice method. Slug
test results are provided in Appendix D.

3.2.10 IDW Management

All IDW generated during the Rl field activities was handled according to the MCIEAST-MCB CAMLEJ Waste
Management Plan (CH2M HILL, 2011a. Soil cuttings, decontamination fluids, development water, and purge water
was placed in Department of Transportation (DOT)-approved 55-gallon drums. Soil and water IDW was
characterized by analyzing a composite sample of each media using the toxicity characteristic leaching procedure
(TCLP) and reactivity, corrosivity, and ignitability (RCI) analysis (Appendix E). All media were non-hazardous.

IDW generated during the March 2011 field activities was transported to ECOFLOW, Inc., of Greensboro, North
Carolina, for disposal. IDW generated during the February and March 2012 field activities was transported to
American Environmental Services of Calvert City, Kentucky.
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TABLE 3-1

Monitoring Well Construction Details

Site 49 Remedial Investigation Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Well Identification Date Nortl.\ing East-ing Top of Casing Ground Surface Top of screen (feet Bottom of Screen Top of screen (feet Bottom of Screen
Installed Coordinate Coordinate (feet msl) (feet msl) bgs) (feet bgs) msl) (feet msl)

IR49-MWO01 3/30/2011 3843836.028 277369.268 6.45 3.61 6 16 -2 -12
IR49-MW02 3/31/2011 3843843.488 277356.500 4.35 4.61 6 16 -1 -11
IR49-MWO03 3/30/2011 3843862.667 277331.154 6.76 7.12 6 16 1 -9
IR49-MWO04 3/30/2011 3843843.975 277341.295 4.78 4.95 6 16 -1 -11
IR49-MWO05 3/31/2011 3843818.677 277350.541 5.72 2.57 6 16 -3 -13
IR49-MWO06 3/29/2011 3843820.378 277375.012 4.80 1.81 6 16 -4 -14
IR49-MWO07 3/31/2011 3843830.434 277361.297 5.87 2.74 9 19 -6 -16
IR49-MW08 3/31/2011 3843829.379 277360.283 5.80 2.87 35 40 -32 -37

Horizontal Datum: Universe Transverse Mercator (UTM) Zone 18 North, North American Datum of 1983 (NAD 83) (NSRS 2007) Meters
Control Reference: NC CORS NETWORK

Vertical Datum: North American Vertical Datum of 1988 (NAVD 88) Meters

msl - mean sea level

bgs - below ground surface
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SECTION 4

Nature and Extent of Contamination

4.1 Data Presentation and Evaluation
411 Data Presentation

Analytical results from surface and subsurface soil, groundwater, porewater, surface water, and sediment
sampling conducted during the Rl field activities are provided in Tables 4-1 though 4-6 and on Figures 4-1 through
4-3. Raw analytical data are provided in Appendix E.

4.1.2 Comparison Criteria

e North Carolina Soil Screening Levels (NC SSLs)—The Federal Remediation Branch (FRB) within the North
Carolina Department of Environment and Natural Resources (NCDENR) Superfund Section of the Division of
Waste Management is responsible for oversight of National Priorities List (NPL) sites and NPL-caliber sites
under special agreements with the USEPA. The FRB provides the soil screening levels (SSLs) as guidelines for
achieving criteria that are protective of groundwater.

e USEPA Regional Screening Levels (RSLs)—The USEPA Region 9 Preliminary Remediation Goals (PRGs) have
been combined with similar risk-based screening levels used by Regions 3 and 6 into the RSLs for Chemical
Contaminants at Superfund Sites table. The RSLs, adjusted for non-carcinogens to account for exposure to
multiple constituents, are human-health-risk-based goals for assessing industrial and residential properties.

e North Carolina Groundwater Quality Standards (NCGWQS)— The State of North Carolina, through rules of
Subchapter 2L of North Carolina Administrative Code (NCAC) Title 15A, establishes a series of classifications
and water quality standards that are appropriate for the purpose of classifying groundwater in the state.
NCGWQS are the maximum allowable concentrations of pollutants in groundwater that may be tolerated
without creating a threat to human health or which would otherwise render the groundwater unsuitable for
use as a drinking water source. The goal is to preserve and protect present and anticipated uses of
groundwater.

e Maximum Contaminant Level (MCL) for Groundwater—MCLs are enforceable standards promulgated under
the Safe Drinking Water Act for public water supplies consumed by a minimum of 25 persons. The MCLs are
designed for the protection of human health, based on laboratory or epidemiological studies. They are
designed to prevent adverse human health effects associated with a 70-year lifetime exposure for an average
adult (70 kilograms [kg]) consuming 2 liters of water per day. Contaminants exceeding MCLs must be treated
or removed from the public water supply prior to its potable use.

e North Carolina Surface Water Quality Standards (NCSWQS)— The State of North Carolina, through the rules
of Subchapter 2B of the NCAC Title 15A, establishes a series of surface water classifications and standards that
are used to determine whether the designated uses of a water body are being protected.

4.2 Sampling Results
421 Soil

Surface and subsurface soil analytical results are presented in Table 4-1 and Table 4-2, respectively. The results
were compared with the NC SSL and the adjusted residential and industrial soil RSLs. Surface and subsurface soil
samples that contained concentrations of VOCs exceeding the comparison criteria are shown on Figure 4-1. VOCs
detected in surface soil are isolated to one sample and have been laterally delineated. VOCs in subsurface soil are
also isolated to a single sample and have been delineated. However, the location of the VOC detection is
downgradient of the terra cotta drain pipe and co-located with a groundwater sample that contained similar VOCs
indicating that the terra cotta pipe is a potential source. A summary of the results is presented as follows.
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Surface Soil

Thirteen VOCs were detected at concentrations above laboratory reporting limits. Of these, 2-butanone, acetone,
carbon disulfide, cyclohexane, methyl acetate, methylene chloride, and trichloroflouromethane are not site-
related and are considered possible laboratory contaminants. Frequencies of detections and concentrations of the
site-related contaminants are as follows:

e 1,1,2,2-PCA was detected in 1 of 12 samples at a concentration of 0.86J pg/kg (IR49-SS07)

e Benzene was detected in 1 of 12 samples at a concentration of 1.9) pug/kg (IR49-SS07)

e Ethylbenzene was detected in 1 of 12 samples at a concentration of 2.7) ug/kg (IR49-S507)

e Toluene was detected in 2 of 12 samples with a maximum concentration of 3 pg/kg (IR49-SS07)
e TCE was detected in 2 of 12 samples with a maximum concentration of 4.7J ug/kg (IR49-5507]

Only two VOCs (methylene chloride and TCE) were detected at concentrations that exceeded their respective

NC SSLs. Methylene chloride was detected in the sample collected from IR49-SS08 (27) ug/kg) and IR49-S512D
(91 J pg/kg), exceeding the NC SSL of 1.3 pg/kg; however, as previously noted, methylene chloride is a known

laboratory contaminant.

TCE was detected in the sample collected from IR49-SS07 (4.7) ug/kg) in exceedance of the NC SSL of 1.8 pg/kg.
Concentrations of TCE in surface soil did not exceed the adjusted residential RSL. The extent of VOCs in surface
soil has been defined and is limited to a single sample. This sample is delineated by IR49-S504 (approximately 50 ft
to the northwest), IR49-SS06 (approximately 50 ft to the southwest), IR49-SS10 (approximately 50 ft to the
southeast), and the New River (approximately 25 ft to the northeast [Figure 4-1]).

Subsurface Soil

Eleven VOCs were detected at concentrations above laboratory method detection limits. Of these, 2-butanone,
acetone, carbon disulfide, cyclohexane, methyl acetate, and methylcyclohexane are not site-related and are likely
laboratory contaminants. Frequencies of detections and concentrations of the site-related contaminants are as
follows:

e 1,1,2,2-PCA was detected in 2 of 6 samples with a maximum concentration of 1.1J pug/kg (IR49-SB10)
e 1,1,2-TCA was detected in 1 of 6 samples at a concentration of 1.9J ug/kg (IR49-SB01)

e Benzene was detected in 1 of 6 samples at a concentration of 1.8J) ug/kg (IR49-SB13)

e Ethylbenzene was detected in 1 of 6 samples at a concentration of 3.3J ug/kg (IR49-SB13)

e Toluene was detected in 2 of 6 samples with a maximum concentration of 3.1J pug/kg (IR49-SB13)

Only two VOCs (1,1,2,2- PCA [2.1 pg/kg] and 1,1,2- TCA [1.9J ug/kg]) exceeded their respective NC SSLs (1.2 ug/kg
and 1.6 pg/kg, respectively) in one subsurface soil sample (IR49-1509). None of the detected concentrations of
VOCs exceeded the adjusted residential RSLs. The extent of VOCs in subsurface soil has been defined and is
delineated by IR49-1S10 (approximately 50 ft to the northwest), IR49-1514 (approximately 50 ft to the southeast),
IR49-1S09 (approximately 180 ft to the southwest), and the New River (approximately 25 ft to the northeast
[Figure 4-1]).

4.2.2 Groundwater

Groundwater analytical results are presented in Table 4-3, and exceedances are shown on Figure 4-2. Results
were compared to NCGWQS and adjusted tap water RSLs. Two groundwater sampling events were performed
during the Rl field activities (April and August 2011), and a single groundwater sample was collected from IR49-
MWO1IW in March 2012. A summary of the results is provided as follows.

April 2011

Twelve VOCs were detected at concentrations above laboratory reporting limits. Of these, chloroform and
cyclohexane are not site-related and are possible laboratory contaminants. Frequencies of detections and
concentrations of the site-related contaminants are as follows:

e 1,1,2,2-PCA was detected in 1 of 8 samples with a maximum concentration of 0.46J pug/L (IR49-MWO01)
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e 1,1,2-TCA was detected in 1 of 8 samples with a maximum concentration of 0.81J pg/L (IR49-MWO01)
Benzene was detected in 1 of 8 samples with a maximum concentration of 1 pg/L (IR49-MWO01)

Cis-1,2-DCE was detected in 7 of 8 samples with a maximum concentration of 70 pg/L (IR49-MWO01)
Isopropyl benzene was detected in 1 of 8 samples with a maximum concentration of 0.2J pg/L (IR49-MWO03)
Toluene was detected in 2 of 6 samples with a maximum concentration of 0.28J ug/L (IR49-MWO01)

e Trans-1,2-DCE was detected in 2 of 9 samples with a maximum concentration of 19 pg/L (IR49-MWO01)

e TCE was detected in 3 of 9 samples with a maximum concentration of 100 pg/L (IR49-MWO01)

e VCwas detected in 1 of 9 samples with a maximum concentration of 2 ug/L (IR49-MWO01)

One groundwater sample (IR49-MWO01) contained seven VOCs (1,1,2,2-PCA, 1,1,2-TCA, benzene, cis-1,2- DCE,
trans-1,2-DCE, TCE, and VC) that exceeded the comparison criteria. Of these VOCs, concentrations of 1,1,2,2-PCA
(1.0 pg/L), TCE (100 pg/L), and VC (2 pg/L) detected in IR49-GWO01 exceeded their NCGWQS (0.2 pg/L, 3 pug/L and
0.03 pg/L, respectively).

Chloroform was detected at concentrations exceeding the adjusted tap water RSL (0.19 pg/L) in the groundwater
samples collected from IR49-MWO02, IR49-MWO03, IR49-MWO05, IR49-MWO06, and IR49-MWO08, ranging from

0.25J pg/L to 0.55) pg/L. However, as previously noted, chloroform is a common laboratory contaminant.
Chloroform was not detected in any of the groundwater samples collected during the August 2011 or March 2012
monitoring events.

August 2011

Seven VOCs were detected at concentrations above laboratory reporting limits. Frequencies of detections and
concentrations are as follows:

e 1,1,2,2-PCA was detected in 1 of 8 samples with a maximum concentration of 0.46J pug/L (IR49-MWO01)
e Benzene was detected in 1 of 9 samples with a maximum concentration of 0.61J pg/L (IR49-MWO01)

e (is-1,2-DCE was detected in 6 of 9 samples with a maximum concentration of 42 pg/L (IR49-MWO01)

e Toluene was detected in 2 of 6 samples with a maximum concentration of 0.2) pg/L (IR49-MWO01)

e Trans-1,2-DCE was detected in 2 of 9 samples with a maximum concentration of 9.9 pg/L (IR49-MWO01)
e TCE was detected in 3 of 9 samples with a maximum concentration of 58 ug/L (IR49-MWO01)

e VC was detected in 1 of 9 samples with a maximum concentration of 1.4 pg/L (IR49-MWO01)

The sample collected from monitoring well IR49-MWO01 contained five VOCs (1,1,2,2-PCA, benzene, cis-DCE, TCE,
and VC) that exceeded comparison criteria. Concentrations of 1,1,2,2-PCA (0.46 pg/L), TCE (58 pg/L), and VC

(1.4 pg/L) exceeded the NCGWQS. The sample collected from monitoring well IR49-MWO04 contained a J-flagged
concentration of TCE that exceeded the adjusted tap water RSL.

March 2012

Concentrations of VOCs were not detected above the laboratory reporting limits in the groundwater sample
collected from monitoring well IR49-MWO1IW.

4.2.3 Porewater

Porewater analytical results were compared to the NCGWQS, adjusted Tap Water RSLs, and NCSWQS. Porewater
analytical results are summarized in Table 4-4, and exceedances are shown on Figure 4-2

Nine VOCs were detected at concentrations above laboratory reporting limits. Of these, 2-butanone, acetone,
carbon disulfide, methyl, and acetate are not site-related and are possible laboratory contaminants. Frequencies
of detections and concentrations of the site-related contaminants are as follows:

e 1,1,2,2-PCA was detected in 1 of 3 samples at a concentration of 0.19J pug/L (IR49-PW01)
e (Cis-1,2-DCE was detected in 1 of 3 samples at a concentration of 2.5 pg/L (IR49-PW01)

e Trans-1,2-DCE was detected in 1 of 3 at a concentration of 1.9 pg/L (IR49-PWO01)

e TCE was detected in 1 of 3 samples at a concentration of 1.1 pg/L (IR49-PW01)

e VCwas detected in 1 of 3 samples at a concentration of 0.3 pug/L (IR49-PWO01)
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The sample collected from IR49-PWO01 contained a concentration of VC that exceeded the NCGWQS and adjusted
tap water RSL (0.03 pg/L and 0.016 pg/L, respectively), and a concentration of 1,1,2,2-PCA that exceeded the
adjusted tap water RSL of 0.2 pg/L. None of the porewater samples were reported to contain target analytes at
concentrations that exceeded the NCSWQS.

4.2.4 Surface Water

Surface water analytical results are presented in Table 4-5. The results were compared with the NCSWQS for a
Class SA saltwater waterway. Surface water samples that contained exceedances of comparison criteria are
shown on Figure 4-3.

Three VOCs were detected at concentrations above laboratory detection limits. Of these, bromodichloromethane
(1 pg/L) and dibromochloromethane (4 pug/L) were detected in the upstream sample (IR49-SWO01) at
concentrations exceeding their respective NCSWQS (0.55 pg/L and 0.4 ug/L). Concentrations of VOCs were not
detected in samples collected from IR49-SW02 (midstream) or IR49-SW03 (downstream).

4.2.5 Sediment

Sediment analytical results were compared with the NC SSLs and adjusted residential and industrial soil RSLs.
Sediment analytical results are provided in Table 4-6. Thirteen VOCs were detected at concentrations above
laboratory detection limits, although there were no exceedances of comparison criteria.

4.3 Summary

Based on the previously presented information, the horizontal and vertical extents of VOCs have been adequately
defined. A potential source of subsurface soil and groundwater impacts is likely the terra cotta drain pipe, located
upgradient of IR49-1S09 and IR49-MWO01.

e One VOC (TCE) exceeded the NC SSL in a single surface soil sample. However, concentrations did not exceed
the residential RSL, and the lateral extent of VOCs in surface soil is limited to a single sample (IR49-5507).

e TwoVOCs(1,1,2,2-PCA and 1,1,2-TCA) exceeded their respective NC SSLs in one subsurface soil sample. The
location of this soil sample coincides with the VOCs in groundwater at the site, and the lateral extent of VOCs
in subsurface soil is limited to IR49-1S09.

e One groundwater sample contained concentrations of 1,1,2,2-PCA, TCE, and VC that exceeded their
respective NCGWQS. Groundwater samples collected from upgradient, cross-gradient, and deep monitoring
wells did not contain concentrations of VOCs that exceeded the NCGWAQS.

e Concentrations of VOCs detected in porewater samples were compared to the North Carolina groundwater
(NCGWAQS) and surface water quality (NCSWQS) standards. One porewater sample contained concentrations
of 1,1,2,2-PCA and VC that exceeded the NCGWQS; however, these concentrations did not exceed the
NCSWQS.

e Bromodichloromethane and dibromochloromethane were detected in the upstream surface water sample at
concentrations exceeding their respective NCSWQS. However, midstream and downstream samples did not
contain concentrations of VOCs that exceeded NCSWQS.

e Sediment samples did not contain concentrations of VOCs that exceeded comparison criteria.
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TABLE 4-1

Surface Soil Analytical Results

Site 49 Remedial InvestigationFeasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

"Station ID CLEAN NCSSLs Adjusted Adjusted IR49-5502 IR49-SS03 IR49-5504 IR49-SS05 IR49-5506 IR49-5507 IR49-5508 IR49-SS09 IR49-5510 |IR49-SS11 IR49-5512 IR49-SS13

Sample ID (tanuary, 2010) Industrial Soil | Residential IR49-SS02-11A IR49-S503-11A IR49-SS04-11A | IR49-SS05-11A | IR49-SS06-11A | IR49-SS07-11A IR49-SS08-11A IR49-S508-11B IR49-5509-11A IR49-5S09D-11A IR49-SS10-11A IR49-S511-11A IR49-SS12-11A IR49-S512D-11B IR49-S513-11A IR49-SS13-11B
Sample Date RSLs Soil RSLs 03/29/11 03/29/11 03/29/11 03/29/11 03/29/11 03/29/11 03/28/11 04/18/11 03/28/11 03/28/11 03/28/11 03/28/11 03/28/11 04/18/11 03/28/11 04/18/11
Chemical Name

Volatile Organic Compounds (ug/kg)

1,1,2,2-Tetrachloroethane 1.2 2,800 560 130 U 64 U 57 U 0.5 UJ 110 U 0.86 J NA 82 U 79 U 82 U 63 U 150 U 410 U 230 U NA 0.77 U
2-Butanone 16,000 20,000,000 2,800,000 130 U 64 U 57 U 7.3 110 U 15 NA 82U 79 U 82U 63 U 150 U 410 U 230 U NA 0.77 R
Acetone 24,000 63,000,000 6,100,000 250 U 130 U 110 U 190 J 210 U 220 ) NA 160 U 230 U 170 U 170 U 300 U 810 U 470 U NA 42 )
Benzene 2.6 5,400 1,100 63 U 32U 29U 0.5 U 53 U 191 NA 41 U 40 U 41 U 32U 74 U 210 U 120 U NA 0.77 U
Carbon disulfide 3,800 370,000 82,000 15 ) 16 U 14 U 0.68 J 27 U 12 ) NA 20U 11 9] 951 37U 45 ) 58 U NA 1.6
Cyclohexane - 120,000 120,000 63 U 32U 29 U 0.5 U 53 U 0.98 J NA 41 U 40 U 41 U 32U 74 U 210 U 120 U NA 0.77 U
Ethylbenzene 780 27,000 5,400 63 U 32U 29 U 05U 53 U 2.7 NA 41 U 40 U 41U 32U 74 U 210 U 120 U NA 0.77 U
"Methyl acetate -- 29,000,000 7,800,000 470 ) 290 J 210J 2.1 330 U 0.49 UJ NA 140 J 1,300 1,200 110 J 720 ) 5,000 420 ) NA 0.77 U
"Methylcyclohexane - - - 31U 16 U 14 U 05U 27 U 1.1 NA 20 U 20U 21 U 16 U 37U 100 U 58 U NA 0.77 U
Methylene chloride 13 53,000 11,000 34U 19U 15U 15U 29 U 33U NA 27 ) 30U 24 U 24U 46 U 120 U 91 NA 0.77 U
Toluene 690 820,000 500,000 63 U 32U 29 U 0.98 J 53 U 31 NA 41 U 40 U 41 U 32U 74 U 210 U 120 U NA 0.77 U
Trichloroethene 1.8 10,000 2,500 63 U 32U 29U 131 53 U 4.7 ) NA 41 U 40 U 41 U 32U 74 U 210 U 120 U NA 0.39 U
Trichlorofluoromethane (Freon-11) 24,000 340,000 79,000 63 U 391 29 U 025 U 53 U 0.25 UJ NA 41 U 40 U 41 U 32U 74 U 210 U 120 U NA 039 U
Wet Chemistry

Total organic carbon (TOC) (mg/kg) -- - -- 18,000 17,000 4,900 9,600 19,000 14,000 36,000 NA 34,000 NA 15,000 97,000 180,000 NA 33,000 NA
C:\Users\jhosmer\Desktop\Recent Work\2012\August\Lejeune Site 49 RIFs\Tables\Section_4_Nature_and_Extent\[Table_4-1_Site49_Final_SS_als.xIsx], , 01/00/1900

Notes:

Bold box indicates exceedance of NC SSL

Bold text indicates exceedance of Adjusted Industrial Soil RSLs
Underline indicates exceedance of Adjusted Residential Soil RSLs

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

* - The MCL-Groundwater value is reported in place of the NCSSL where the MCL based SSL value is

more conservative.
NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

R - Unreliable Result
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

mg/kg - Milligrams per kilogram
ug/kg - Micrograms per kilogram
MCL- maximum containment level
mg/kg — milligrams per kilogram

NC SSL — North Carolina Soil Screening Level

RSL — Regional Screening Level
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TABLE 4-2

Subsurface Soil Analytical Results

Site 49 Remedial InvestigationAeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Station ID . CLEAN RSLs IR49-1S09 IR49-1S10 IR49-1S11 IR49-1S12 IR49-1S13 IR49-1S14
Sample ID CLEAN NCSSts CLEéN R.SLS Industrial Residential Soil IR49-SB09-3-4-11A IR49-SB10-3-4-11A IR49-SB11-2-3-11A IR49-SB12-1_5-2-11A IR49-SB13-1_5-2-11A IR49-SB13D-1_5-2-11A IR49-SB14-0_5-1-11A
(January, 2010)* Soil Adjusted 0511 X
Sample Date Adjusted 0511 03/31/11 03/31/11 03/31/11 03/31/11 03/31/11 04/01/11 03/31/11
Chemical Name
Volatile Organic Compounds (pg/kg)
1,1,2,2-Tetrachloroethane 1.2 2,800 560 2.1 11 0.53 U 042 U 0.49 UJ 59 U 0.53 UJ
1,1,2-Trichloroethane 1.6 680 160 191 051U 0.53 U 042 U 049 U 30U 0.53 U
2-Butanone 16,000 20,000,000 2,800,000 0.51 R 0.51 R 24 ) 0.42 R 6.4 56 J 2.2
Acetone 24,000 63,000,000 6,100,000 11 R 12 R 46 J 12 R 35 120 U 48 ]
Benzene 2.6 5,400 1,100 0.51 U 051U 0.53 U 042 U 1.8 30U 0.53 U
"Carbon disulfide 3,800 370,000 82,000 0.22) 0.21J 0.46 J 0.27 ) 1.2 7.1 041
"Cyclohexane - 120,000 120,000 0.51 U 051U 0.53 U 042 U 0.63J 30U 0.53 U
"Ethylbenzene 780 27,000 5,400 0.51 U 051U 0.53 U 042 U 3.3 30U 0.53 U
"Methyl acetate - 29,000,000 7,800,000 0.51 U 051U 0.53 U 042 U 049 U 120 J 0.53 U
Methylcyclohexane - -- - 051 U 051U 0.53 U 042 U 11 15U 0.53 U
Toluene 690 820,000 500,000 0.51 U 051U 0.53 U 042 U 3.1 30U 0.34)
Wet Chemistry
Total organic carbon (TOC) (mg/kg) -- -- -- 5,200 1,600 1,300 1,500 1,600 NA 8,400

Notes:
Bold box indicates exceedance of NC SSL

Bold text indicates exceedance of Adjusted Industrial Soil RSLs
Underline indicates exceedance of Adjusted Residential Soil RSLs

* - The MCL-Groundwater value is reported in place of the NCSSL where the MCL based SSL value is more
RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

R - Unreliable Result
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

mg/kg - Milligrams per kilogram
ug/kg - Micrograms per kilogram
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TABLE 4-3

Groundwater Analytical Results

Site 49 Remedial InvestigationAfeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCGWQS (January, Adjusted Tap IR49-MWO01 IR49-MWO02 IR49-MWO03 IR49-MWO04 IR49-MWO05

Sample ID 2010) * Water RSLs IR49-GWO01-11A | IR49-GWO01-11C | IR49-GWO01D-11C IR49-GWO02-11A | IR49-GWO02-11C | IR49-GWO03-11A | IR49-GWO03-11C | IR49-GWO04-11A | IR49-GWO04-11C | IR49-GWO05-11A | IR49-GWO05-11C
Sample Date (October, 2011) 04/01/11 08/04/11 08/04/11 04/01/11 08/03/11 04/02/11 08/04/11 04/01/11 08/03/11 04/01/11 08/03/11
Chemical Name

Volatile Organic Compounds (pg/l)

1,1,2,2-Tetrachloroethane 0.2 0.067 1 0.46 J 0.46 ) 05U 05U 05U 05U 05U 05U 05U 05U
1,1,2-Trichloroethane 5 0.042 0.81 ) 05U 05U 05U 05U 05U 05U 05U 05U 05U 05U
Benzene 1 0.41 1 0.61) 0.62 ) 05U 05U 05U 05U 05U 05U 05U 05U
"Chloroform 70 0.19 05U 05U 05U 0.25 ) 05U 0.55 ) 05U 05U 05U 0.28 J 05U
"cis—1,2—Dich|oroethene 70 7.3 70 42 42 2.8 23 05U 05U 0.38 J 2.4 0311 03]
"Cyclohexane - 1,300 031 05U 05U 05U 05U 05U 05U 05U 05U 05U 05U
"Ethylbenzene 600 1.5 0.13 J 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
"Isopropylbenzene 70 68 05U 05U 05U 05U 05U 0.2 05U 05U 05U 05U 05U
"Toluene 600 230 0.28 J 0.2 0.19 J 01U 01U 01U 01U 01U 01U 01U 01U
trans-1,2-Dichloroethene 100 11 19 9.9 10 05U 05U 05U 05U 05U 0351 05U 05U
Trichloroethene 3 0.23 100 58 58 0.28 J 0.23) 05U 05U 05U 0.26 J 05U 05U
Vinyl chloride 0.03 0.016 2 1.4 1.4 05U 05U 05U 05U 05U 05U 05U 05U
Total Metals (ug/l)

Iron 300 2,600 NA 2,000 NA NA 1,800 NA 14,000 NA 4,800 NA 2,900
Wet Chemistry

Alkalinity (ug/1) - -- NA 130,000 NA NA 150,000 NA 34,000 NA 39,000 NA 94,000
Chloride (pg/l) - -- NA 15,000 NA NA 14,000 NA 22,000 NA 17,000 NA 11,000
Methane (ug/l) - -- NA 180 NA NA 110 NA 140 NA 190 NA 85
Sulfate (ng/l) - -- NA 1,000 U NA NA 10,000 NA 24,000 NA 40,000 NA 54,000
Total organic carbon (TOC) (ug/l) - -- 980 990 NA 1,100 1,000 2,600 3,000 2,200 1,400 1,100 1,000

Dechlorinating Bacteria (gc/ml)

No Detections

Functional Genes (gc/ml)

No Detections

Notes:

IBold box indicates exceedance of NCGWQS or the more conservative MCL

Bold text indicates exceedance of Adjusted Tap Water RSLs

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

* - The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more conservative.

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

gc/ml - Gene copies per milliliter
ug/! - Micrograms per liter

MCL — maximum contaminant level
RSL — Regional Screening Level
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TABLE 4-3

Groundwater Analytical Results

Site 49 Remedial InvestigationAfeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCGWQS (January, Adjusted Tap IR49-MWO06 IR49-MWO07 IR49-MWO08
Sample ID 2010) * Water RSLs IR49-GWO06-11A | IR49-GWO06-11C | IR49-GWO07-11A IR49-GWO07D-11A | IR49-GWO07-11C | IR49-GWO08-11A | IR49-GWO08-11C
Sample Date (October, 2011) 04/01/11 08/03/11 04/02/11 04/02/11 08/04/11 04/02/11 08/04/11
Chemical Name

Volatile Organic Compounds (pg/l)

1,1,2,2-Tetrachloroethane 0.2 0.067 05U 05U 05U 05U 05U 05U 05U
1,1,2-Trichloroethane 0.042 05U 05U 05U 05U 05U 05U 05U
Benzene 0.41 05U 05U 05U 05U 05U 05U 05U
"Chloroform 70 0.19 0.34) 05U 05U 05U 05U 0.39 ) 05U
"cis—1,2—Dich|oroethene 70 7.3 0.61J 032 041 0.41 ) 0.34) 05U 05U
"Cyclohexane - 1,300 05U 05U 05U 05U 05U 05U 05U
"Ethylbenzene 600 1.5 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
"Isopropylbenzene 70 68 05U 05U 05U 05U 05U 05U 05U
"Toluene 600 230 01U 01U 01U 01U 0.09 J 0.1 01U
trans-1,2-Dichloroethene 100 11 05U 05U 05U 05U 05U 05U 05U
Trichloroethene 3 0.23 05U 05U 05U 05U 05U 05U 05U
Vinyl chloride 0.03 0.016 05U 05U 05U 05U 05U 05U 05U
Total Metals (ug/l)

Iron 300 2,600 NA 3,100 NA NA 2,400 NA 400
Wet Chemistry

Alkalinity (ug/!) - - NA 93,000 NA NA 230,000 NA 200,000
Chloride (pg/l) - -- NA 12,000 NA NA 13,000 NA 11,000
Methane (pg/1) - - NA 140 NA NA 40 NA 19
Sulfate (ng/l) - -- NA 8,800 NA NA 5,600 NA 26,000
Total organic carbon (TOC) (ug/l) -- - 970 990 1,600 NA 1,100 1,800 1,200

Dechlorinating Bacteria (gc/ml)

No Detections

Functional Genes (gc/ml)

No Detections

Notes:

IBold box indicates exceedance of NCGWQS or the more conservative MCL

Bold text indicates exceedance of Adjusted Tap Water RSLs

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

* - The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more conservative.

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

gc/ml - Gene copies per milliliter
ug/! - Micrograms per liter

MCL — maximum contaminant level
RSL — Regional Screening Level
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TABLE 4-4

Porewater Analytical Results

Site 49 Remedial InvestigationAfeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCGWQS Adjusted Tap IR49-SD04/PW01 IR49-SD0O5/PW02 IR49-SD06/PWO03

Sample ID IR49-PWO01-11A IR49-PW02-11A IR49-PW02D-11A IR49-PWO03-11A
(January, 2010)* Water RSLs

Sample Date 04/02/11 04/01/11 04/01/11 04/01/11

Chemical Name

Volatile Organic Compounds (pg/1)

1,1,2,2-Tetrachloroethane 0.2 0.067 0.19 ) 05U 05U 05U

2-Butanone 4,000 710 2.6 0.82 ) 0.84 ) 05U

Acetone 6,000 2200 100 6.2 U 7.6 U 56U

Carbon disulfide 700 100 0.39 J 05U 05U 0.21)

cis-1,2-Dichloroethene 60 7.3 2.5 05U 05U 05U

Methyl acetate - 3700 0.97 J 05U 0.75 ) 05U

trans-1,2-Dichloroethene 60 11 19 05U 05U 05U

Trichloroethene 3 2 1.1 05U 05U 05U

Vinyl chloride 0.03 0.016 0.3 05U 05U 05U

Wet Chemistry

Total organic carbon (TOC) (ug/1) - - 3,100 17,000 NA 5,700

Notes:

I Bold box indicates exceedance of NCGWQS or the more conservative MCL I

Bold text indicates exceedance of Adjusted Tap Water RSLs

RSLs were adjusted for noncarcinogens to account for exposure to multiple
constituents

* - The MCL-Groundwater value is reported in place of the NC2LGW where
the MCL value is more conservative.

NA - Not analyzed

J - Analyte present, value may or may not be accurate or precise

U - The material was analyzed for, but not detected

ug/l - Micrograms per liter

MCL — maximum contaminant level

RSL — Regional Screening Level
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TABLE 4-5

Surface Water Analytical Results

Site 49 Remedial InvestigationfFeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCSWQS Human || |R49-SD01/SWO01 IR49-SD02/SW02 IR49-SD03/SW03
Sample ID Health & Water IR49-SWO01-11A IR49-SW02-11A IR49-SWO02D-11A IR49-SW03-11A
Sample Date Supply 03/29/11 03/29/11 03/29/11 03/29/11
Chemical Name

Volatile Organic Compounds (pg/I)

Bromodichloromethane 0.55 1 05U 05U 05U
Chloroform 5.6 1.7 05U 05U 05U
Dibromochloromethane 0.4 4 0.25 U 0.25 U 0.25 U
Wet Chemistry

Total organic carbon (TOC) (ug/l) -- 4,300 13,000 NA 3,900

Notes:

NCSWQS

Bold box indicates exceedance of the more conservative
value between Human Health and Water Supply of the

NA - Not analyzed

NCSWQS - North Carolina 2B Surface Water Standards
U - The material was analyzed for, but not detected

ug/l - Micrograms per liter
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TABLE 4-6

Sediment Analytical Results

Site 49 Remedial InvestigationAeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCSSLs Adjusted Adjusted IR49-SD01/SW01 IR49-SD02/SW02 IR49-SD03/SW03 IR49-SD04/PWO01 IR49-SD05/PW02 IR49-SD06/PWO03
Sample ID (January, 2010) Industrial Soil Residential Soil IR49-SD01-11A IR49-SD02-11A IR49-SD02D-11A IR49-SD03-11A IR49-SD04-11A IR49-SD04-11B IR49-SD05-11A IR49-SD06-11A IR49-SD06-11B
Sample Date RSLs RSLs 03/29/11 03/29/11 03/29/11 03/29/11 03/30/11 04/18/11 03/30/11 03/30/11 04/18/11
Chemical Name

Volatile Organic Compounds (pg/kg)

2-Butanone 16,000 20,000,000 2,800,000 10J 660 U 220U 571 NA 3.4 230 U NA 110 U
Acetone 24,000 63,000,000 6,100,000 300 J 1,400 U 440 U 270 U NA 28 J 460 U NA 210 U
Benzene 2.6 5,400 1,100 1.3 330U 110 U 42 U NA 0.46 ) 120 U NA 53U
"Carbon disulfide 3,800 370,000 82,000 1.3 93 311 82 NA 8.1 46 J NA 27 U
"Cyclohexane -- 120,000 120,000 0931 330U 110 U 42 U NA 0.52 U 120 U NA 53U
"DichIorodifluoromethane (Freon-12) 29,000 40,000 9,400 0.59 U 330U 110 U 42 U NA 0.37) 120 U NA 53U
"Ethylbenzene 780 27,000 5,400 0.59 U 330U 110 U 42 U NA 0311 120 U NA 53U
"Methyl acetate -- 29,000,000 7,800,000 8.2 1,900 J 520) 1,300 NA 0.52 U 700 J NA 140 J
"Methylcyclohexane -- - - 0.99 ) 170 U 55U 21U NA 0.52 U 58 U NA 27 U
Methylene chloride 13 53,000 11,000 73U 170 U 62 U 22 U NA 0.54) 69 U NA 27 U
Tetrachloroethene 23 2,600 550 0.59J 170 U 55U 21U NA 0.52 U 58 U NA 27 U
Toluene 690 820,000 500,000 3.7 330U 110 U 42 U NA 0.6 120 U NA 53U
Xylene, total 6,000 260,000 63,000 31 660 U 220U 83 U NA 0.78 U 230 U NA 110 U
Wet Chemistry

Total organic carbon (TOC) (mg/kg) -- - - 9,700 160,000 NA 14,000 3,900 NA 32,000 21,000 NA

Notes:

Bold box indicates exceedance of NC SSL

Bold text indicates exceedance of
Adjusted Industrial Soil RSLs

Underline indicates exceedance of
Adjusted Residential Soil RSLs

RSLs were adjusted for noncarcinogens
to account for exposure to multiple
constituents

* - The MCL-Groundwater value is
reported in place of the NCSSL where the
MCL based SSL value is more

conservative.

NA - Not analyzed

J - Analyte present, value may or may not
be accurate or precise

U - The material was analyzed for, but
not detected

UJ - Analyte not detected, quantitation
limit may be inaccurate

mg/kg - Milligrams per kilogram
ug/kg - Micrograms per kilogram

MCL — maximum contaminant level
mg/kg — milligrams per kilogram

NC SSL — North Carolina Soil Screening
Level

RSL — Regional Screening Level
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Legend Notes: Figure 4-1
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SECTION 5

Contaminant Fate and Transport

The fate and transport of contaminants in environmental media at Site 49, including contaminant mobility and
persistence, physical and chemical properties of the contaminants, and physical characteristics of the aquifer are
discussed in this section.

5.1 Contaminant Mobility and Persistence

The probable behavior of contaminants is determined by their physical, chemical, and biological interaction with
the environment. Mobility and persistence are two key factors in determining probable behavior. Mobility is the
potential for a chemical to migrate from a source, and persistence is the measure of how long a chemical will
remain in the environment. When considering mobility and persistence, it is also important to understand the
type of natural attenuation occurring at the site.

Natural attenuation is defined as “the biodegradation, dispersion, dilution, sorption, volatilization, and/or
chemical and biological stabilization of contaminants to effectively reduce contaminant toxicity, mobility, or
volume to levels that are protective of human health” (USEPA, 1998).

5.1.1 Contaminant Group

VOCs have been detected in the soil, groundwater, and porewater at Site 49; however, the most prevalent site-
related contaminants are VOCs in groundwater present within the surficial aquifer between the drain pipe and
New River. The primary VOCs that contribute to the risks to human receptors identified in Section 6 are PCE, TCE,
cis-1,2-DCE, trans-1,2-DCE, VC, 1,1,2,2-PCA, 1,1,2-TCA, benzene, and 1,2 DCE.

5.1.2 Physical and Chemical Properties of Representative Compounds

The physical and chemical properties of the primary VOCs are important when evaluating contaminant transport
at Site 49. These properties include:

e Sorption

e Volatilization

e Degradation

e Bioaccumulation

e Non-aqueous Phase Liquids (NAPLs)

The following profiles describe how chemical and physical properties (such as water solubility and specific gravity)
of the contaminants affect their mobility and persistence. Table 5-1 summarizes the relevant physical and
chemical properties of the contaminants. Table 5-2 summarizes the water quality parameters (pH, specific
conductance, temperature, DO, ORP, and turbidity) recorded during the 2011 sampling events.

Sorption

Sorption is the tendency for chemicals to adsorb to and desorb from the media through which they are being
transported. The subsurface materials to which site-related contaminants are most likely to adsorb are typically
clays and organic material. As noted in Section 2, the geological formations present at Site 49 consist
predominantly of clays and silty sands. Thus, there is a possibility that treatment may preferentially target the
contaminants in the sands and leave the contaminants sorbed to the clay, potentially causing a tailing effect of
contaminants back diffusing into the sand from the clay.

The conventional measure of sorption of a given chemical to soil and geologic material is the distribution
coefficient (Ky), also known as soil-water partition coefficient (K..). The K;for organic chemicals is the product of a
K,. of the chemical and the fraction of organic carbon (f,.) in the soil. In general, chemicals with a K, greater than
10,000 milliliters per gram (ml/g) or a log K,.greater than 5 ml/g have high degrees of adsorption and low
mobility.
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REMEDIAL INVESTIGATION/FEASIBILITY STUDY OPERABLE UNIT NO. 23, SITE 49 — SUSPECTED MINOR DUMP SITE

Chemicals with a K, less than 1,000 ml/g or a log K, less than 3 ml/g have lower degrees of adsorption and higher
mobility potential. This is characteristic of the VOCs detected in the groundwater at Site 49. For example, TCE and
VC both have relatively low log K, values (2.10 ml/g and 0.91 ml/g, respectively [USEPA, 1990]) and thus a lower
tendency for adsorption to the subsurface material, which enhances their mobility through the environment. All
VOCs detected at Site 49 have log K, values of less than 3 ml/g and are considered to have moderate to high
mobility in soil, suggesting that they are likely to leach from soil to groundwater.

The migration rates of different dissolved contaminants vary depending on their tendency to adsorb to the site-
specific aquifer matrix. Consequently, the rate of contaminant migration is generally lower than the groundwater
seepage velocity, referred to as “retardation.” For each contaminant detected at Site 49, it is possible to calculate
theoretical retardation coefficients, which are estimates of how the migration of a contaminant is slowed by
adsorption with respect to groundwater average linear velocity. Soil retardation coefficients for VOCs detected in
the groundwater at Site 49 are presented in Table 5-3. The following is a brief explanation of the retardation
coefficient equation:

R=1+p,xKy/ne
where:

R = Retardation coefficient (dimensionless)

pp = Bulk density (grams per cubic centimeter)
Kq = Distribution coefficient (ml/g)

n. = Effective porosity (dimensionless)

The effect of retardation is estimated by dividing the groundwater flow velocity by R, which provides a value of
migration that is either equal to the flow rate (in the case of no retardation) or less than the flow rate (in the
presence of retardation).

Estimates of the rates of contaminant migration are approximate, and the estimates of R have an even greater
level of uncertainty than do the estimates of the rates of groundwater flow. Contaminant migration velocities can
be approximated by modifying the Darcy Equation to utilize the available groundwater velocity data described in
Section 4.3.2 and the chemical-specific properties presented in Table 5-1. The Darcy Equation can be used to
calculate a groundwater velocity within a porous medium, as shown in the following equation:

Vi= (KX i)/ne
where:

V, = Linear groundwater seepage velocity (L/T)
K = Hydraulic conductivity (L/T)

i = Hydraulic gradient (dimensionless)

n. = Effective porosity (dimensionless)

Contaminant migration velocity is the quotient of the linear groundwater velocity and the retardation factor,
shown as follows:

Veoc = Vi/R
where:

Vo = Velocity of the constituent of concern (COC) (L/T)
V, = Linear groundwater velocity (L/T)
R = Retardation coefficient (dimensionless)

Approximate migration velocities for the COCs are listed in Table 5-3. Of the contaminants listed in the table, PCE
will likely travel at the slowest rate due to the relatively high retardation coefficient and the chemical’s affinity to
sorb onto, or partition into, organic matter that may be coating the aquifer matrix. Because VC has a retardation

coefficient of 1.06, it will likely migrate through the aquifer at approximately the same velocity as groundwater.
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Volatilization

Volatilization is the tendency for some chemicals, particularly VOCs, to change from a liquid or adsorbed state to a
gas. A conventional measure of volatility is Henry’s Law Constant (K;). Values of K;, for the COCs are presented in
Table 5-1. In general, compounds with Ky, values greater than 10 atmosphere-cubic meters per mole (atm-m>/M)
are expected to volatilize readily from water to air. Compounds with Kj, values less than 10° atm-m3/M are
generally stable and not expected to volatilize from water to air. All the primary COCs are quite volatile, except
1,1,2,2-PCA, which has a K;, of 3.45 x 10 atm-m?/M, representing its less volatile nature.

The dominant process for removing VOCs from shallow soil is volatilization into the atmosphere, characterized by
their relatively high K, values and vapor pressures. Thus, VOCs occur infrequently in shallow soil, and likely
volatilize into soil gas overlying the water table. The vapor pressure and K, of VC suggest it will volatilize at the
highest rate.

Degradation

Degradation is the transformation of one chemical to another through either biotic (biodegradation) or abiotic
processes (such as the degradation mediated by iron-bearing minerals in an aquifer). Both metabolic and/or co-
metabolic processes (differentiated by whether degradation of the contaminants is linked to the growth of the
functional microbes) could be involved with biodegradation. Degradation rates for whatever processes may be
operating to break down the chemical are commonly described using (first order) rate constant or half-life.
Estimates of half-lives for the COCs of this site are presented in Table 5-1.

VOCs can undergo biodegradation through various pathways, such as reductive dechlorination and
dihaloelimination (for chloroethanes, involving the removal of two halogen atoms that are on adjacent carbons,
leading to the formation of a double carbon-carbon bond) under reducing oxidation-reduction (redox) conditions,
and aerobic oxidation. The primary biodegradation process for TCE and cis-DCE is reductive dechlorination
(USEPA, 1998). During this process, VOCs are used as electron acceptors based on the availability of an adequate
supply of electron donors. Anthropogenic and natural organic carbon sources act as electron donors. During the
biodegradation process, chlorine atoms are removed from the VOCs and replaced by hydrogen atoms. Complete
reductive dechlorination is possible, depending on the site-specific biogeochemical conditions.

The rate of reductive dechlorination appears to decrease as the degree of chlorination decreases. Therefore, TCE
degradation rates are generally higher than those of cis-DCE and VC. The less chlorinated degradation byproducts
may undergo oxidation under aerobic conditions.

Concentrations of parent compounds, daughter products, and NAIPs are used to evaluate the extent to which
biodegradation occurs. Concentrations of daughter products and chloride ions that are greater than background
levels, or that increase downgradient through the plume, indicate some degree of occurrence of reductive
dechlorination. Deep reducing conditions between sulfate-reducing and methanogenic conditions are most
favorable for anaerobic biodegradation of chlorinated solvents. Elevated concentrations of TOC indicate sufficient
substrate to support biodegradation. Production of ethene indicates complete dechlorination of chloroethenes.

Fate of Degradation of the Site-specific COCs

The primary parent contaminant at this site may be 1,1,2,2-PCA, with TCE as a possible co-contaminant. TCE and
all the other COCs, except benzene, can theoretically be degradation products of 1,1,2,2-PCA. Degradation of
1,1,2,2-PCA may undergo three pathways: (1) abiotic dehydrochlorination to TCE; (2) reductive dechlorination to
1,1,2-TCA; and (3) dichloroelimination to cis-DCE and trans-DCE. Further reductive dechlorination of DCE and
dichloroelimination of 1,1,2-TCA may occur to produce VC. The low ratio of cis-DCE to trans-DCE (approximately
4:1) indicates that the detected concentrations of DCE are mainly from dichloroelimination of 1,1,2,2-PCA rather
than reductive dechlorination of TCE, which should result in a much higher ratio of cis-DCE to trans-DCE (such as
14:1) (Lorah and Olsen, 1999). As presently discussed, biogeochemical conditions were generally not favorable for
biotic reductive dechlorination of chloroethenes (TCE — cis-DCE — VC — ethene). Therefore, the VC detected at
this site is predicted to be from dichloroelimination of 1,1,2-TCA. While evidence of past degradation by abiotic
mechanisms is present, current conditions do not support abiotic processes.
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Natural Attenuation Indicator Parameters

During the August 2011 groundwater monitoring event, samples were collected and submitted for laboratory
analysis of alkalinity, chloride, sulfate, sulfide, TOC, methane, ethane, ethene, and microbial analysis for DHC and
DHC functional genes. Groundwater quality parameters (DO, pH, ORP, and temperature) and NAIPs measured in
the field (nitrate, nitrite, and ferrous iron [Fe (Il)]) were collected during the April and August 2011 groundwater
sampling events. Additionally, the sample collected from IR49-MWO01 (where the highest concentration of
chlorinated volatile organic compounds [CVOCs] was detected) was analyzed for CSIA to evaluate the carbon
isotopic ratios in TCE and cis-DCE detected in groundwater. A summary of the NAIPs is provided in Table 5-2, and
an explanation of the results is presented as follows.

Alkalinity and pH

Based on the analytical data, alkalinity in the surficial aquifer at Site 49 ranges from 34 milligrams per liter (mg/L)
(IR49-MWO03) to 230 mg/L (IR49-MWO07), indicating a relatively poor buffering capacity. There is a potential link
between the neutral to slightly acidic pH measured in the surficial aquifer and the relatively low alkalinity. The pH
measurements collected from the surficial aquifer during the April and August 2011 sampling events fall on the
acidic end of the acceptable range for reductive dechlorination (geometric mean of 5.90 and 5.91, respectively).
This is potentially a limiting factor to natural biodegradation.

Dissolved Oxygen and Oxidation-Reduction Potential

Generally, DO concentrations below 0.5 mg/L indicate prevailing anaerobic conditions necessary to facilitate
reductive dechlorination.

DO concentrations in the surficial aquifer ranged from 0.42 mg/L (IR49-MWO07) to 2.38 mg/L (IR49-M03), with a
geometric mean of 0.84 mg/L during the April 2011 event, and from 0.12 mg/L (IR49-MW06) to 0.60 mg/L
(IR49-MWO03), with a geometric mean of 0.26 mg/L during the August 2011 event. Based on the DO concentration
data, it appears that anaerobic conditions are present.

The ORP of groundwater is a measure of electron activity and is an indicator of the relative tendency of a solution
to accept or transfer electrons. Reductive dechlorination is most efficient in the ORP range corresponding to
sulfate reduction and methanogenesis (less than -100 mV).

During the April 2011 sampling event, ORP measurements collected surficial aquifer ranged from 125.4 mV
(IR49-MWO04) to -117.2 mV (IR49-MWO06). During the August 2011 sampling event, ORP measurements ranged
from 95.8 mV (IR49-MWO04) to -126.8 mV (IR49-MWO05). The DO and ORP data indicate generally favorable
anaerobic conditions exist in the surficial aquifer.

Nitrate and Nitrite

When DO is been depleted, nitrate can be used as an electron acceptor in anaerobic degradation via
denitrification. In denitrification, nitrate is reduced to produce nitrite. Therefore, decreased nitrate
concentrations and increased nitrite concentrations relative to background levels indicate that nitrate reduction is
occurring. However, at concentrations greater than 1 mg/L, nitrate can compete with chlorinated hydrocarbons as
an electron acceptor.

Nitrate and nitrite were not detected in any of the surficial aquifer monitoring wells, suggesting that nitrate is not
an available electron acceptor at this site.

Ferrous Iron

In some cases, ferric iron (Fe [Ill]) is used as an electron acceptor during anaerobic degradation. During this
process (termed “iron reduction”), Fe (lll) is reduced to Fe (ll). Dissolved Fe (Il) concentrations greater than 1 mg/L
are considered an indicator of iron-reducing conditions.

Concentrations of Fe (ll) ranged from 1.2 mg/L (IR49-MW01) to 2.6 mg/L (IR49-MWO05), indicating that iron-
reducing conditions are present.
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Chloride

Like the geochemical indicators previously discussed, chloride concentrations greater than background levels
indicate that reduction of chlorinated-solvent-related contamination is occurring (USEPA, 1998; Wiedemeier
et al., 1996). However, chloride is not a suitable NAIP for a diffused low concentration chloroethene plume
because chloride released from dechlorination may not impact the chloride background concentration
significantly.

Concentrations of chloride ranged from non-detect (IR49-MWO05) to 22 mg/L (IR49-MWO03). Concentrations of
chloride detected in the source area monitoring well IR49-MWO01 (15 mg/L) were not elevated and support the
conclusion that natural biodegradation is not occurring.

Sulfate and Sulfide

Sulfate may be used as the electron acceptor in anaerobic degradation. This process, known as sulfate reduction,
will produce concentrations of sulfide. Over time, a decreasing trend of sulfate concentrations may indicate
occurrence of biological sulfate reduction. Concentrations of sulfide in the groundwater would support this
conclusion.

Concentrations of sulfate ranged from non-detect (IR49-MWO01) to 54 mg/L (IR49-MWO05). The lack of sulfate in
groundwater collected from IR49-MWO1 suggests historical presence of sulfate-reducing conditions; however,
concentrations of sulfide were not detected indicating biological sulfate reduction is not occurring.

Total Organic Carbon

Organic carbon is utilized as an electron donor in reductive dechlorination and is required to drive the process.
Organic carbon can be naturally occurring or anthropogenic. The presence of TOC at concentrations greater than
20 mg/L indicates ideal conditions for reductive dechlorination to occur (USEPA, 1998; Wiedemeier et al., 1996).

Concentrations of TOC ranged from 0.96 mg/L (IR49-MWO01) to 1.4 mg/L (IR49-MWO03). These concentrations
indicate a substrate-limiting environment for reductive dechlorination.

Methane, Ethane, and Ethene

After the other, previously noted, electron acceptors have been utilized, carbon dioxide can be used as the
electron acceptor in methanogenesis. In this process, carbon dioxide is reduced to produce methane. The
presence of methane (greater than 0.1 mg/L) in the aquifer is indicative of deep reducing conditions and suggests
that methanogenesis is occurring. Reductive dechlorination is most efficient between sulfate-reducing and
methanogenic conditions.

Concentrations of methane ranged from 0.085 mg/L (IR49-MWO05) to 0.19 mg/L (IR49-MWO04). Additionally,
concentrations of ethene and ethane were not detected in groundwater samples collected from the site. The
trace concentrations of methane indicate methanogenic conditions are possible. However, the absence of ethene
and ethane (the end products of complete reductive dechlorination) suggest that reductive dechlorination is
incomplete.

Compound-specific Isotope Analysis

The carbon 13 isotope ratios (8*>C) of TCE and cis-DCE at IR49-MWO01 were within the intrinsic §°C ranges of
these two compounds in literature; that is, from -23 to -34 parts per thousand (°/ o) for TCE and -22 to -30 °/yo for
cis-DCE (USEPA, 2008). These CSIA data do not provide solid evidence of occurrence of destructive dechlorination
processes of TCE and cis-DCE at Site 49 (Appendix E).

Microbial Data

DHC and functional genes including tceA, bvcA, and vcrA were not detected above laboratory reporting limits in
samples collected from IR49-MWO07 and IR49-MWO01 (Appendix E). Absence of these specific microorganisms and
functional genes may indicate unfavorable biological conditions for complete biotic reductive dechlorination.
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5.1.3 Physical Properties of the Aquifer

The following physical mechanisms are key factors in controlling the fate and transport of contaminants dissolved
in groundwater during migration:

e Advection
e Dispersion

Advection is the transport of dissolved contaminants by the bulk motion of flowing groundwater. Advection
controls the rate and direction of contaminant migration. The site-specific horizontal average linear seepage
velocities for groundwater flow in the surficial aquifer ranged from 4.54 feet per year (ft/yr) to 22.3 ft/yr.

Dispersion is the distribution of dissolved contaminants along the path where they flow during advection. It is a
result of the spatial variation in aquifer permeability, fluid mixing, and molecular diffusion. Dispersion primarily
controls the concentrations of the contaminants at any point in the flow system.

Dispersion occurs in moving groundwater because of local variations in flow velocities caused by the variability of
the hydraulic conductivity of porous media. Typically, the degree of dispersion is greater in the direction of
groundwater flow than in directions perpendicular to it. The concentrations in the center of the contaminant
plume decrease as dispersion dilutes the contaminant mass. Migration of contaminants from the center of the
mass varies based on the retardation coefficient, as previously described.

5.2 Contaminant Migration and Attenuation

This section discusses the source areas and the potential mechanisms for contaminant release and migration.

Fundamental to describing fate and transport at the site is the conceptual site model (CSM), graphically
represented on Figure 5-1. The CSM describes the topography and hydrogeology of the site, extent of the
contamination plume, and the complete migration pathways.

5.2.1 Releases from Soil to the Atmosphere

In general, concentrations of VOCs in surface and subsurface soil were low (less than 5 pg/kg). Based on the low
concentration of VOCs, volatilization, which is the primary mechanism of releases from the soil to the
atmosphere, is not likely to be a significant contaminant release mechanism at Site 49.

5.2.2 Releases from Soil to Groundwater

A portion of the precipitation that falls within the boundary of Site 49 is expected to infiltrate the ground surface
and reach the water table at 1.97 ft above msl to 2.88 ft above msl. Infiltration of precipitation through the
unsaturated vadose zone can potentially dissolve contaminants and then transport them to the underlying
groundwater. Thus, surface soil and subsurface soil with concentrations of the VOCs above screening levels can
serve as sources of contaminants detected in groundwater. However, based in the concentrations of VOCs
detected in surface and subsurface soil at Site 49, it is likely that VOCs detected in soil will stay sorbed to organic
material in the vadose zone.

5.2.3 Migration of Contaminants in Groundwater

The New River is located downgradient of the eastern boundary of Site 49 and is the ultimate receptor for
groundwater discharge from the site. Dissolved concentrations of the VOCs can be transported by groundwater
movement at a rate governed by advection and chemical-specific retardation factors. Horizontal migration to the
river represents the major migration pathway based on the absence of a non-aqueous phase for of all the VOCs
detected, the generally low concentrations of VOCs (100 ug/L or less), and presence of upward hydraulic
gradients.

524 Attenuation of Contaminants in Groundwater

Based on the absence of desirable microorganisms, generally low TOC levels (less than 20 mg/L), and slightly
acidic pH, conditions favorable to biological natural attenuation are generally not present. Based on the lack of
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biological degradation occurring at the site, it appears that dilution and adsorption are likely the primary
mechanisms that control the fate and transport of the VOCs at this site.

5.3 Summary

Surface soil, subsurface soil, and porewater contaminants are isolated and were found in relatively low
concentrations. Based on the physical and chemical properties of these contaminants, they are not expected to
migrate and will likely degrade in situ.

Although concentrations of VOCs were detected in groundwater within the surficial aquifer, vertical migration of
these contaminants is not occurring based on the low concentrations and upward vertical gradients. Thus,
horizontal groundwater migration is the primary contaminant transportation pathway. Based on the lack of
evidence for biodegradation, the primary contaminant degradation mechanisms are dilution and adsorption.
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TABLE 5-1

Physical and Chemical Properties of Contaminants

Site 49 Remedial InvestigationAeasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Molecular

Specific

Vapor Pressure

Half-Life Range (days)

Chemical Weight Gravity ? | solubility @ at 20ec ? ® Log Ko™ | Ko™ Soil Groundwater Surface Water
(g/mole) (unitless) (mg/L) (mmHg) (atm-m*/mole)| (mL/g) (mL/g) | Low | High Low | High Low | High

\vocs
Trichloroethene 131.38 ¥ 1.462 1,385 58.7 0.0103 21 242 | 180" | 365 | 320 [ 1,640 | 180" | 365"
Tetrachloroethene 165.82 @ 1.625 150 14 0.0184 2.82 314 | 180" [ 360 | 360™ [ 720 | 180 | 360"
cis-1,2-Dichloroethene 96.94 ¥ 1.284 3,500 200 0.00408 1.5 1.86 | 28 | 180 | 56™ | 2,875@ | 28@ | 180W
Vinyl Chloride 62.5 4 0.912 1,100 2,300 0.027 0.91 0.60 Rapid ®! 18® 0.0194 @
Benzene 78.12@ 0.877 1,780 76 0.00555 1.81 2.13 100 1.4 0.026
Itrans 1,2-Dichloroethene 96.94 @ 1.257 6,300 265 0.0066 1.77 2.09
1,1,2,2-Tetrachloroethane 167.9 @ 1.6 2,900 4.9 0.000345 2.34 2.39
1,1,2-Trichloroethane 133.4% 1.4436 4,500 18.8 0.000913 1.75 2.17
1,2-Dichloroethane 98.96 ¥ 1.253 8,700 63.7 0.000979 1.15 1.48

Notes:
g/mole — grams per mole

mg/L — milligrams per liter
mmHg — millimeters of mercury

atm-m3/M — atmosphere-cubic meters per mole

ml/g — milliliters per gram

VOC — volatile organic compound

Kh - Henry's Law Constant

Koc - Organic carbon partition coefficient
Kow - Octanol-water partition coetticient

Data sources:

(1) Howard, Ph. H. et al. 1991. Handbook of Environmental Degradation Rates.
(2) United States Environmental Protection Agency. October 1990. Subsurface Contamination Reference Guide.
(3) Montgomery, John H. Groundwater Chemicals Desk Reference. Third Edition.
(4) Watt, Richard. 1998. Hazardous Wastes: Sources Pathways Receptors.

(5) United States Environmental Protection Agency. July 1996. Soil Screening Guidance
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TABLE 5-2

Summary of Natural Attenuation Indicator Parameters
Site 49 Remedial Investigation fFeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Well Identification Temperature DO pH ORP Ferrous Iron | Total Iron Nitrate Nitrite Alkalinity Chloride Sulfate Sulfide
4/1/2011 8/3/2011 4/1/2011 8/3/2011 4/1/2011 8/3/2011 4/1/2011 8/3/2011 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
IR49-MWO01 15.50 23.00 0.71 0.46 6.29 6.23 -34.1 -70.1 1.2 2 0 0 130 15 <1.0 <1.0
||IR49-MWOZ 16.55 21.81 0.54 0.18 5.96 5.91 -103.1 -69.4 1.8 1.8 0 0 150 14 10 <1.0
||IR49-MWO3 16.87 23.03 2.38 0.60 5.24 5.43 119 94.8 1.4 14 0 0 34 22 24 <1.0
||IR49-MWO4 15.26 24.51 2.02 0.31 5.03 5.56 125.4 -91.4 13 4.8 0 0 39 17 40 <1.0
||IR49-MW05 15.72 26.02 0.55 0.20 6.09 6.09 -108.2 -126.8 2.6 2.9 0 0 94 11 54 <1.0
||IR49-MW06 15.98 23.31 0.66 0.12 6.01 5.73 -117.2 -86.6 2.4 31 0 0 93 12 8.8 <1.0
||IR49-MWO7 16.48 19.41 0.42 0.16 6.85 6.47 -45 -84.7 2.2 2.4 0 0 230 13 5.6 <1.0
||IR49-MW08 17.72 20.02 0.87 0.36 7.81 7.57 -169.2 -117.5 0.2 0.4 0 0 200 11 26 <1.0
Notes:

ug/L - Micrograms per liter

mg/L - Mlligrams per liter

mV - Millivolts

DO - Dissolved oxygen

ORP - Oxidation reduction potential
TOC - Total organic carbon
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TABLE 5-2

Summary of Natural Attenuation Indicator Parameters
Site 49 Remedial Investigation fFeasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

e s Temperature DO pH ORP Ferrous Iron Methane Ethane Ethene
Well Identification TOC (mg/L)
4/1/2011 | 8/3/2011 | 4/1/2011 | 8/3/2011 | 4/1/2011 | 8/3/2011 | 4/1/2011 | 8/3/2011 (mg/L) (pe/L) (pe/L) (pe/L)
IR49-MWO01 15.50 23.00 0.71 0.46 6.29 6.23 -34.1 -70.1 1.2 0.96 180 <0.91 <0.84
||IR49-MW02 16.55 21.81 0.54 0.18 5.96 5.91 -103.1 -69.4 1.8 1 110 <0.91 <0.84
||IR49-MWO3 16.87 23.03 2.38 0.60 5.24 5.43 119 94.8 1.4 3 140 <0.91 <0.84
||IR49-MWO4 15.26 2451 2.02 0.31 5.03 5.56 125.4 91.4 1.3 1.4 190 <0.91 <0.84
||IR49-MWOS 15.72 26.02 0.55 0.20 6.09 6.09 -108.2 -126.8 26 1 85 <0.91 <0.84
||IR49-MW06 15.98 2331 0.66 0.12 6.01 5.73 -117.2 -86.6 24 0.99 140 <0.91 <0.84
||IR49-MWO7 16.48 19.41 0.42 0.16 6.85 6.47 -45 -84.7 2.2 1.1 40 <0.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>